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PREFACE 


As stated in the first edition, this book is a product of the di- 
rect responsibilities that I have had in connection with instruc- 
tion and research in poultry nutrition. During this period of 
nearly forty years most of my time and my efforts have been 
applied specifically to the field of poultry feeding. I have also 
been privileged to visit most of the experiment stations in the 
United States and Canada as well as a number in Europe. 

The material here presented covers my experience in Cornelf 
University as well as reports from the Agricultural Experiment 
Stations and other public institutions. Such technical journals as 
Poultry Science, Journal of Nutrition, Journal of Biological 
Chemistry, anef Archlv fUr CeflUgelkunde, as well as such trade 
journals as Feedstuffs, Flour and Feed, and The U. S, Egg and 
Poultry Magazine have been drawn upon for source material. 

Many changes In the feeding and management of livestock have 
taken place over the period of years, and many of these changes 
have been very extensive. In the present century feeding has be- 
come a science. Much of this knowledge, for lack of time or in- 
formation, is not available to the practical poultryman or even 
to many persons in Institutional work. It is the object of this 
book to make this information more generally available. 

The field of poultry nutrition is a rapidly changing one. The 
present edition includes the information dealing with the recent 
advances, such as the use of antibiotics. Much of the material 
has been rewritten. For convenience and also ease of compari- 
son the recommended rations have been grouped in an appendix. 

Both the scientific and practical facts relating to poultry feed- 
ing are presented in this book. Information dealing with poultry 
nutrition Is quite extensive. However, much of It is scattered and 
much Is contradictory. Because of the latter fact, U frequently 
must bo evaluated, and this I have attempted to do. Usually a 
summary 1ms been made of the available data, using as much de- 
tail as is necessary for Illustrative material. In most cases, the 
references have been cited so that the reader, If he wishes to do 
so, can obtain more details than are given In the book. 

This book is designed to meet the needs of poultry students, 
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practical poultrymen, feed dealers, and all other persons in- 
terested in poultry (ceding. 

I wish to acknowledge the assistance of all those persons who 
have been associated with me in teaching and e;iqjerimental work. 
I also wish to acknowledge my indebtedness to many friends for 
various kinds of assistance, support, and inspiration. 

G. F. HEUSER 

Cornell University 
Ithaca, New York 
January, 1955 
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gives the following information on feeding as applying to the gen- 
eral farm condition: 

There Is no kind of food, animal or vegetable, that Is not acceptable 
to the hen. She will pick up the hardest, flinty substances, scire all 
kinds of Insects, regale herself on seeds of every description, and finds 
a variety in the leaves of the grasses and weeds. All kinds of refuse and 
waste material from every source, as well as the droppings of cattle, 
afford her luxuries that would possess but tittle attraction for larger 
stock. 

Special foods In the summer season arc unnecessary, as the hen Is 
capable ol selecting and securing a sufficiency of all that la retpilred 
for supplying her needs; but there arc periods when It becomes neces- 
sary to assist her, as the production of substances that are to bo de- 
posited separately from the body demands certain elements that may be 
beyond the pow er of the hen to procure during those seasons when she 
Is really a prisoner and deprived of her liberty. 

The hens that thrive on a diet of corn during the summer do not de- 
rive their nutriment from the com alone, but from the variety of forage 
secured, and as the hen Is more prolific during the warmer season she 
keeps In better condition for laying by the rapid conversion of the food 
into eggs instead of Into fat; but overfeeding will eventually result in 
fatty degeneracy of the liver. 

Among the foods sometimes allowed that may be considered out of 
the regular course are sunflower seeds, linseed meal (or oil cake), 
rape seed and millet seed, which, thou^ highly nllrogenous, contain 
large proportions of oil, and arc therefore fattening also; while the oils 
from them induce the shedding of the feathers, causing premature molt- 
ing. 

The most important ot all foods Is finely chopped clover hay scalded 
and fed in troughs. It is rich in mineral matter, nitrogenous, contains a 
large proportion of carbonaceous matter, and by its bulk reduces or di- 
lutes the concentrated grain food. U is very necessary that a plentiful 
supply of sharp, gritty material be always kept within reach of the hens, 
as they can not derive full benefit from any kind of food unless complete 
mastication results. 


However, concentrated poultry production with more attention 
to feeding was already developing. In the same book Mr. CoUing- 
wood gives the accompanying tabulation to show the ration that 
had given the best results for egg production for 600 hens, this 
being the method used by C. H. Wyckoff at Groton, New York 


1. Morning, by weigU all they can eat of the following mixture. One- 

half bran, one-fourlh corn and one-fourth oat -meals mixed with hot 
water or milk, with */, pint of salt. I quart of charcoal and l bushel of 

ana 1 bushel of beets cut fine. 


2 Soon, »bol6 grain by measure, due part oats. 1 buckwheat, and 
1 wtheat, give 1 quart to 50 hens in chaff 

3. Night, the same as No. 2. all they will eat 

4. Drmk, milk or pure water. 



THE FEEDING PROBLEM 


3 


At the turn of the century the hens did not lay large numbers 
of eggs, and most production usually took place during the spring 
of the year. The important condition, however, was the fact that 
the number of hens was not much greater than the natural food 
supply on the farm. They fed upon such protective feeding stuffs 
as greens and milk and also consumed considerable whole ani- 
mal life, for example, bugs and worms. They lived outdoors to 
a large extent and benefited by direct sunshine. 

From this condition the poultry industry in all its phases has 
developed until at the present time we have fairly definite and 
often quite complex systems and methods. The number of hens 
has greatly increased, and they have been so concentrated that 
they have far exceeded the natural food supply. The birds have 
been bred for increased production to the extent of obtaining 
high flock averages as well as individual records. Combined 
with this we have a greater proportion of the production out of 
the natural season. Not only table eggs but also hatching eggs 
are being produced the year round. Early fall production from 
pullets requires earlier hatching In the spring. Furthermore, 
many flocks are being kept in more or less close confinement, 
or even in complete confinement, throughout the entire laying 
year. 

The same situation applies to the young. Larger numbers of 
Chicks are being produced, many of them out of the natural sea- 
son or at those times of the year when conditions are not favor- 
able. There has been greater development along the lines of 
mass production of chicks under factory methods. Hundreds of 
thousands of birds, especially broilers, are raised in batteries 
under conditions of strict confinement. 

Whenever animals arc made to produce out of their natural 
season. It is necessary to introduce artificial methods to a 
greater or lesser degree. This introduces factors which com- 
plicate the problem. A comparison of conditions today, as con- 
trasted with those of a few generations ago, helps to give one an 
appreciation of some of the factors that are helping to make 
poultry feeding a more complicated problem. 

ft must also be borne In mind that the natural foods and those 
consumed more or less in their entirety were complex when 
viewed from their feeding value. In substituting for those feeds 
we run the risk of omitting some of the factors supplied in them. 
Furthermore, modern methods of manufacture arc changing the 
nature of some foods. A ration that contains degcrmlnated ce- 
reals or cereal by-products might bo deficient in vitamins 
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whereas the same mixture with regular products would supply 
plenty. Meat scraps is a variable product depending upon the 
nature of the raw material and the process of manufacture. In 
recent years most of the or^ns ol the animal, such as the liver, 
are diverted to other channels so that at the present time larger 
proportions of connective tissue and bone and other less valuable 
portions are forming the raw material for meat scraps. The 
method of preparing any feed and the conditions of temperature 
and oxidation to which it is subjected will affect the feeding value. 
In the more intensive manufacturing processes, there Is a greater 
likelihood of destruction of some factor. But the Imporlant point 
Is that these changes, which are altering the feeding value of 
products, often cannot be delected by analysis or inspection. 
Neither does the average feeder know or realize that the nature 
of many feeds is changing. 

There is also the possibility that some of our feeds are under- 
going change In composition owing to changes in the supply of the 
elements In the soil. Depletion of minerals or conversion of 
them into an Insoluble form might render them less available to 
the plant. It is suspected furthermore that conditions of drought 
might influence the nutritive value of the feed produced. 


EVOLUTION OF MODERN METHODS 
At the present time there are in use certain systems of feed- 
ing practice. They are the result of development or evolution, 
based more or less on experience. This development has pro- 
ceeded along certain lines, which have been influenced by certain 
iacts and conditions. Practically all the knowledge that we have 
of scientific feeding has been secured within comparatively re- 
cent years. As late as the latter part of the last century, poultry 
was fed by rule almost entirely. The method was one which 
some one had stumbled upon by accident, but it seemed to get 
results. 

Previously only feeds grown on the farm were used. The ra- 
tion was thus restricted to the grams produced and to any waste 
products or by-products of the farm or of the home Now we 
have developed a considerable number of specialLy nteoajred 
poultry feeds, which have no restrictions of ingredients, since 
modern development in transportation has linked all parts of the 
world and made practically any product available. 

has also been a development m methods of feeding and 
ing practices. At first, the hens more or less fed them- 
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selves, very little attention being given to any definite or regu- 
lar system of feeding. Gradually more attention was given to the 
birds. At first they were hand fed practically entirely on grain. 
Then systems of hopper feeding developed in which the hens 
could help themselves. 

The hopper itself has undergone considerable changes. In 
some cases the hoppers were made large enough to hold supplies 
of mash for a month or more. It is doubtful whether that is the 
best practice since it encourages neglect of close observation of 
the birds and also increases the chance of spoilage of the feed. 
The present-day tendencies are to practice a closer check-up on 
feeding. This practice has eliminated the very large hoppers 
and substituted smaller ones of the open type. 

The introduction of ground feeds, fed as mashes, was a dis- 
tinct advance in poultry feeding. Man found out that he could 
assist the hen by furnishing part of the grain already ground. 

So we have systems of feeding ranging from all grain to all 
mash, with nearly all the possible combinations of proportions 
of grain and mash between these extremes. 

Another variation was the condition in which the mash should 
be fed. that is, wet or dry. The wet mash was probably fed first. 
Later the dry mash system of feeding was introduced and used 
exclusively in many cases. At present the generally recom- 
mended system is more likely to be a combination of the two. 

The dry mash is kept available all the time and may be supple- 
mented with a wet mash when it is necessary to increase mash 
and food consumption. 

When hoppers were Introduced in poultry feeding they were 
used for grain as well as for mash. The hopper system of feed- 
ing grain was soon abandoned because U was believed that the 
hens did not get sufficient exercise. Grain, therefore, was fed 
in a litter of some kind, the depth of which has also gone through 
various evolutions. Recently the swing has been back again to 
hopper feeding of grain, chiefly because of the sanitary advan- 
tages that it offers. The ground feed is almost universally fed 
in hoppers. Hopper feeding of dry mash gives all the hens a 
more nearly equal cliance, allowing them an opportunity to cat 
at any time and preventing crowding, Incidental to feeding a wet 
mash to larger flocks. 

Can a hen balance her own ration? Many theories and opinions 
have been advanced. As a matter of fact, she comes very near 
to doing It when she is given a choice of grain and mash. The 
mash, if properly composed, is rich in protein, vitamins, and 
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minerals while the grain contains more ol the energy nutrients. 
Therefore, the hen eats from both the grain and mash as much 
as she wants of each and balances her own ration fairly satlsfac- 
torvly. But the question has not yet been settled as to whether 
the hen should eat each of the different feeds separately. Feed- 
ing each Ingredient separately has been tried, but in most cases 
has not proved satisfactory. 

Other practices have been evolved, and no doubt the future 
holds in store still more. At the present lime there Is a further 
development of the all-mash system, which endeavors to obtain 
some ol the advantages of grain feeding. There are cubed feeds 
or pellets and kernels, which consist of binding an all-mash 
combination Into larger particles. Also, systems of cooking, 
predigesting, and other methods of processing foods have been 
tried to a greater or lesser extent and will need to be given 
further consideration in the future. 


CAUSES OF EVOLUTION OR CHANGES LS FEEDING 


No doubt there are many reasons for the changes and devel- 
opments lust discussed. Increased population and concentration 
of population In cities, achere eggs and poultry cannot be pro- 
duced in sufficient amounts, have resulted in an increased 
demand for the products. This increased demand for poultry 
products has resulted in an Increased number of hens. The 
increase in the number of hens has made it necessary to Intro- 
duce other systems of feeding because the number of hens on the 
farm has got beyond the natural food supply. 

The development of the Industries supplying human food has 
had an influence on animal feeding. It is only within the past few 
generations, for example, that the production of prepared cereals 
has developed extensively. This preparation of cereals has given 
rise to a considerable supply of by-products which have merit 
and are valuable from the feeding standpoint 

The milling Industry has long been furnishing wheal by-products 
which are utilized in animal feeding. But, owing to changes in 
manufacture, changes have also occurred in the nature of these 
feeds. The present-day products are milled more closely than 
previously. Particularly is there a change in the amount of 
germ that is contained. 


We also tave the by-products ot the packing industries, uhich 
enter largely into our poultry feeding, especially as a source of 
protein feeds. The same may be said of the ftsh and milk Indus- 
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tries. In fact, any industry which produces a by-product has had 
a connection with, or has a potential relation to, animal feeding. 
The feeds and the system of feeding animals, and therefore also 
poultry, have been modified to make use of these valuable by- 
products. 

Then, of course, our increased knowledge of nutrition, espe- 
cially of the results of research carried on by the experiment 
stations, has given us some basis for making changes in our 
feeding system. A fund of knowledge of the composition of feeds 
is accumulating. By chemical analysis, as well as by biological 
analysis, we have gradually been able to group the various feeds 
according to their nutrients. This knowledge in connection with 
some information of the nature and composition of poultry of 
various kinds and of eggs has enabled us to modify rations to 
meet the conditions more intelligently. 

The knowledge of the processes taking place in the body is 
important. Facts concerning the digestion of feeds have been 
difficult to obtain because in the fowl the feces and urine are 
eliminated together, so that it Is difficult to separate waste or 
broken-down parts of the body from undigested food. Still, the 
discovery that poultry does not handle fiber or roughage has 
greatly influenced the make-up of our rations. We now know 
that laying hens require a very considerable amount of calcium 
to make eggshells, and the calcium can best be furnished in the 
carbonate form. We are In possession of certain facts showing 
the effects of different feeds upon production and the quality of 
the product. For instance, we realize the value of using animal 
protein feeds, appreciate the importance of green feed, and 
have found out the possibility of affecting the color and appear- 
ance and nutritive value of the egg by feeds. 

We have many facts on the requirements of the laying hen. We 
know that the early growth of chicks is rapid and that the ration 
must supply a large amount of protein to meet this rapid growth. 
The information concerning vitamins has been accumulating so . 
rapidly, that we hardly know how far reaching their influence is. 

Yet every time that we get further information, definite facts 
regarding any phase of the feeding question, it enables us to 
meet the conditions more intelligently. 


NEED FOR MORE EXACT KNOWLEDGE 

Wo have at the present time a reasonably satisfactory knowl- 
edge of poultry feeding which enables us to proceed in a fairly 
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IntcIllEcnt manner. Comparatively, however, this knowledpe Is 
still Incomplete. That Is tree partlcolarly II we consider It 
Irom the standpoint ot the haste knowledge and laets eoneernlng 

lundamental principles underlying nutrition. Our lending, even 

at the present time. Is to a considerable extent based upon ex- 
perience or the trlal-and-crror method. It is guided by accu- 
mulations ot ideas and practices handed down from the past. 
However, a rule-of-thumb method will apply mainly Insofar as 
the same conditions are met In all respects. For example, If we 
have the same type of bird, of the same weight, producing the 
same numbers of eggs, feeding her the same feed of exactly the 
same composition, quality, and make-up, under the same condi- 
tions of management or environment, we can expect to get the 
same results. But when wc have a variation In any one or more 
of the almost numberless factors which affect responses, we are 
likely to get different results unless we have fundamental infor- 
mation and can meet the new conditions on the basis of this 


Information. 

Since our present feeding practices arc the result of genera- 
tions of experiences, they contain much that is unnecessary. 

They still Include things that happened to be incidental rather 
than essential. Therefore, it is no wonder that we are constantly 
questioning to determine the essentials. Many things have been 
found unessential or at least very much decreased In importance. 
Hence the present tendency Is also toward simplification. 

However, before it Is safe to modify the old, it Is necessary to 
have reliable Information, especially if the modification is radi- 
cally different from the commonly accepted practice. We need 
to secure fundamental information which can be obtained only In 
solving a problem by refined experimental methods. This means 
that all conditions should be under control and only one factor 
varied at a time. Even then, what is now considered fundamental 


may later be shown to be otherwise and there may be wrong 
- Interpretations of results. For example, tn the early study of 
vitamins, opthalmia, a symptom of vitamin A deficiency, was 
referred to by one of the first Investigators as malnutrition In 
infants due to a lack of fat in the diet, because the eye trouble 
could be relieved by cod liver oil, whole milk, or cream mix- 
tures. We now know this to be untrue, but it was thus interpreted 
because the fats, which this investigator chose, chanced to be 
go,^ carriers of vitamin A. Similarly, where protein Is involved 
In the growth of chickens, some of the beneficial results have 
been attributed to added protein, whereas they might have been 
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due to increased amounts of vitamins which were also present. 

However, even though there are misinterpretations at times, 
we benefit by this information. By means of these steps we 
arrive at a factual or scientific basis. In the end, the accumu- 
lation of knowledge makes possible clarification and proper 
interpretation of facts. It is such information that we need in 
order to have a clear understanding of the various feeding 
problems. 


APPROACH TO AN UNDERSTANDING 
OF THE FEEDING PROBLEM 

To gain a proper understanding of the feeding problem, we 
need to get information on the various phases having an influ- 
ence upon it. In the first place, we need to have a knowledge of 
the chemistry of both plants and animals. We need to know the 
make-up of the plants because they are really the building 
materials for our animal, which is the finished product or which 
we might consider as the structure. There are certain relation- 
ships between the structure of the plant and of the animal which 
will help us In understanding our feeding problem. It Is a com- 
mon saying that we feed a part to make a part. That is true to 
a very large extent and, insofar as It is true, if we know the 
nature of our feeds and our animals, it will help us considerably 
in our understanding. 

We need to have an acquaintance with the processes that take 
place in the animal's body. We need to be familiar with the phys- 
iology of the animal. That Is particularly true of digestion and 
metabolism, which Involve the processes by which feeds become 
available to the body. 

We need also to have considerable knowledge of the f#»eds 
themselves, not only of their composition or chemistry but also 
of their dlgesllbllUy and such physical characteristics as texture 
and mechanical condition. We need to get a measure of the value 
of each feed as comparc?d with others. 

We need to know the requirements of poultry for food, which 
involves the study of feeding standards. Each kind of poultry, as 
chickens, ducks, geese, and turkeys, has special needs. Limiting 
the feeding to fowls, our problem Is Influenced by the purpose 
for which the birds arc kept and by the conditions under which 
they arc managed. Tlic requirements differ for hens producing 
eggs and for growing chickens or fattening birds. Wc must know 
the reactions or symptoms when these requirements arc not 
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met, or when there Is even one dellclcncy or a partial dell- 
clcncy. 

Mtcr obtaining such Information on the principles of nutri- 
tion, we need to transform the science of feeding Into the art of 
feeding. We need to make practical application of the technical 
knowledge. Unless wC have some understanding of why changes 
arc made and ^bat the results arc Ukcly to he. It is practically 
impossible to make any Intelllponi changes, cither In the rnake- 
up of the feeds themselves or In the methods of feeding. We need 
to be able to distinguish between causes and results. For In- 
stance, we have found that, when we have Included some form ot 
animal protein in the ration, we have obtained better re-sults 
than when the ration w-as limited to vegetable proteins. Wc have 
also had benefits from Including green food In the ration. We 
need to consider these feeds not only In terms ol complex prod- 
ucts, such as animal protein feeds and green feeds, but also to 
view them In terms of their components, as amino acids, vita- 
mins, and minerals. If we can state that our more favorable 
results are due not to green food but to some specific part or 
parts, it win help in making changes in the application of feeding. 

Such Information is particularly important when there arc 
feed shortages, as are experienced during a war. It is then 
necessary to make substitutions for commonly used ingredients. 
The results of such substitutions will be effective to the extent 
that the Ingredients used replace the necessary nulrlcnls of the 
feed omitted. 

Present-day research in nutrition may be considered prima- 
rily a means or a method by which wc expect to secure such 
information. The general line of approach is: (1) to find out 
what the specific requirements arc, quantitatively, in respect 
to the various factors, such as amino acids, vitamins, and 
minerals. (2) to determine how much of each of these factors 
the various poultry feeds contain and the physiological effect 
of these feeds. 

When this information becomes available, the formulation of 
a ration can become a matter of calculation or of simple arith- 
metic. Obviously, however, the time is still distant when the 
formation of rations and of feeding practice becomes such a 
simple and mechanical procedure 
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FIFTY YEARS OF ACHIEVEMENT IN POULTRY NUTRITION 

It can be truthfully said that more progress has been made in 
feeding poultry during the past 50 years than was made during 
the preceding 500 or even 1000 years. 

The first decade of the present century might be called the era 
of barnyard feeding. Feeding was simple, and there was little 
knowledge of the nutritive requirements of poultry. 

During the period of 1910-1920 commercial feeds became 
available, mash mixtures were fed, the importance of animal 
proteins was stressed, and feeds were purchased according to 
gross chemical analysis. The poultry flocks were larger, special 
houses and care were provided, and the rations were becoming 
more complex. 

The third decade can be called the beginning of the vitamin 
era. The importance of the sunshine vitamin — vitamin D — was 
discovered. Cod ilver oil substituting for sunshine made com- 
plete confinement and year-round production possible. This 
really was the basis for the extensive commercial poultry pro- 
duction which wo now have. 

During the period of 1930-1935 the importance of other vita- 
mins was emphasized. Riboflavin, the important vitamin in milk, 
was shown necessary for improved hatchability and proper chick 
development. The Introduction Into the ration of such ingredi- 
ents as “fermentation products” allowed for greater flexibility 
In feed formulation. 

The latter part of this decade focused attention on the miner- 
al balance of the ration. The discovery of the Importance of 
manganese in preventing perosis made possible the expansion 
of the commercial broiler Industry. 

During the first half of the 1940 decade attention was centered 
upon protein and the amino adds. Amino acid requirements 
wore being determined and methods developed for amino acid 
analy.ses. An increased use of vegetable proteins emphasized the 
nutritive value of feeds from animal sources. Tills stimulated 
interest in the animal protein factor, the discovery of vitamin 
Di 2 . and the use of antibiotics in poultry feeds. 

Present d.iy feeding is very largely based upon nutrition sci- 
ence. The practical nulrlllve rcqulrcmentB are largely known. 

A large variety of ingredients from ail over the world arc used 
in the commercial feeds which furnish the raw materials for the 
present large scale production. Instead of u-anllng to know only 
liie protein, mineral, and vitamin %'alucs of the feeds, the nutrl- 
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tion science ol today is interested in nearly Iifty of the compo- 
nents of these general nutritive groups. 

VrTut of the future? There is still much to be learned before 
a state of perfect nutrition is reached. There are still unknown 
vitamins and possibly other unknown nutritive factors. Much 
needs to be found out concerning physiological factors, including 
the effects of hormone feeding. Also the investigator has been 
aware for some time of the existence of interrelationships be- 
tween certain nutrients. These are becoming better understood 
and will be of more importance in formulating rations since 
many of these relationships involve sparing actions upon other 
nutritive factors. More progress can also be made in developing 
rations and birds that will produce more efficient and hence 
more economical poultry and eggs. 
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CHAPTER 2 


OBJECTS AND PRINCIPLES 
IN FEEDING POULTRY 

What purposes or objects do we have in mind when feeding 
poultry? The answer will depend upon the point of view. The 
problem can be approached In different ways. 


TRANSFORMATION OF FOOD 

In general, we might say that the object of feeding animals is 
to manufacture some product that is useful to man. In the case 
of poultry, the products are chiefly eggs and meat. Animal feed- 
ing deals with the transformation of food into animal products. 
With poultry, this involves grains, by-products of various indus- 
tries, greens and vegetables, and minerals. 

Some of the feeds used for poultry could be included directly 
in the human diet. When fed to livestock, the feed that could be 
eaten by man is transformed into a more desirable form. For 
instance, wheat, corn, and oats are utilized as chicken meat or 
eggs rather than cereals. Or we might say that most of us 
would prefer to eat our corn and wheal, or at least the greater 
share of it, as eggs and chicken meat. 

Animal feeding might involve the transformation of so-called 
nonedible products into edible form. Very often waste and by- 
products, not usually considered a part of the human diet, are 
fed. We might mention wheat bran, meat scraps, fish meal, and 
gluten meal as examples of this kind. 

In some cases the hen conserves food energy which might 
otherwise be lost. This is true where table scraps are fed, and 
when the hen can range on the farm, picking up waste grains 
here and there and making use of green food and insect life. 

In this connection, it might be well to ask whether the hen is 
an offlclenl transformer of feed Into a finished product Dr. 

W, H. Jordan,' of the New York Experiment Station at Geneva, 
has compared a Leghorn fowl that weighs 3^: pounds and lays 
^00 eggs , weighing ^ pounds , with a Jers^ covTthal weighs 

pounds and gives, in a year. 70D0 pounds of milk containing 
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14 per cent solids. He says: “U yo\i take the dry matter o£ the 
hen~and compare it with the dry matter in the eggs she lays in a 
year, there will be 5V2 times as much dry matter in the eggs 
as in her whole body. The weight of the dry matter in the cow’s 
body to the weight of the dry matter in the milk well be as 1 to 
2.9. In other words, based upon the dry matter, the hen does 
twice as well as the cow. I suspect the hen is the most efficient 
transformer of raw material into a finished product that there 

15 on the farm. Her physiological activity is something remark- 
able. So in that particular the hen stands in a class by herself.” 

It is not exceptional for a 4'pound hen to lay 250 eggs in a year. 
This would represent 31 pounds of eggs, containing 4,1 pounds 

of protein, 3.3 pounds of fat, and 3.1 pounds of calcium carbonate. 

Viewed irom a dilferent standpoint, the hen is not so efficient 
as the dairy cow. For example, Jordan also compares the quan- 
tities of the various animal products and of human food in animal 
forms which can be produced by the use of a quantity of cattle 
food containing 100 pounds of digestible organic mailer, as follows: 


Aaimal 


Market^ie Edible 

Product, lb. Solids, lb. 


Cow (milk) 139 0 

Swine (dressed) 25.0 

Cow (cheese) 14.8 

CaUes (dressed) 38.5 

Cow (butter) 8.4 

Poultry (eggs) 19.6 

Poultry (dressed) 15.6 

Lambs (dressed) 9.6 

Steers (dressed) 8.3 

Sheep (dressed) 7.O 


19 0 
15.6 

9.4 
8.1 

5.4 
5 1 

4.2 

3.2 
2.8 
2 6 


There is also some difference in efficiency when the various 
food nutrients are considered. Jennings' gives the following 
values of human food produced by 10 units of feed: 


Animal 
Cow (milk) 

Layers (eggs) 

Hogs (meat) 

Turkeys (meat) 

Sheep and lambs (meat) 
Chickens (meat) 

Beef (meat) 


Calories Protein 
4627 0 S2 

1260 0 23 

3629 0 14 

1522 0 26 

1880 0 21 

958 0 22 

837 0 12 


Calories plus 
Protein, 
Index 
2 54 
0.99 
1 16 
1 14 
1 04 
0 92 
0 56 
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The comparisons above take into consideration only quantities. 


Furthermore, the energy content of the egg is not the sole rea- 
son for its use. Perhaps what is more important is the quality 
of these various products and the place they fill in the human 
diet. When considered on this basis, eggs compare very favor- 

ably with milk. 


Hainan^ gives the efficiency of conversion of feeding-stuff 
protein to human-food protein by determining the pounds of pro- 
tein produced from 100 pounds of digestible protein, when fed to 

the different farm animals. 

Pounds 

Cow {as milk — 600 gallons a year) 

35.8 

Hen (as eggs — 140 a year) 

31.6 

Pig (as pork) 

21,2 

Hen (as meat) 

18.0 

Bullock (as baby beeO 

7.8 

(as Norfolk beeO 

5.9 

(as grass beef) 

5.4 

Hainan also reported the 100-pound protein 
as given by Leltch and Godden, as follows: 

equivalent yields, 

Pounds 

Cow (as milk — 2 gallons a day) 

35.1 

Hen (as eggs — 200 a year) 

20.4-29.6 

Pig (as pork) 

10.0 

Hen (as meat) 

21 .8-26.3 

Baby beef 

15.5 

Sheep (as lamb) 

13.2 

Fat bullock 

8. 7-8. 9 


Almquist,^ reporting on the efficiency of conversion of feed to 
food, indicates the following conversion efficiencies for protein 
and fat in the various edible animal food products. The following 
percentages of the feed protein consumed are recovered in the 
edible food protein: 

Percentage 


Milk 32.5 

Eggs 22.9 

Meat birds 16.4 

Swine ll.O 


The fat in the edible parts, expressed as percentage of the 
tcntlat feed fat. varied as follows: 


Swine 

Milk {25 pounds dally) 
Layers (200 eggs a year) 
Turkeys (all (j-pes) 

Moat birds (all t>T»e8) 


Percentage 
23.5 
21.4 
13 5 
8.4 
3 9 
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On the other hand. Brody, Funk, and Kempster state: “It ap- 
pears that the net energetic efficiency of egg production (no*’ 
counting maintenance) is perhaps of the same order as of milk 
production, but that the gross energetic efficiency of egg pro- 
duction (including maintenance of fowl) In ‘good' layers is only 
about half the efficiency of milk production in 'good' dairy cattle. 

The difference In the gross energetic efficiency of egg and milk 
production Is attributed to the greater structural complexity of 
egg than of milk, more biologic time taken to produce the unit of 
egg energy, and the greater energy expense for producing the egg 
calorie which contains relatively more fat produced from a car- 
bohydrate diet. , 

Bird and Sinclair* state that the efficiency of feed utilization 
for pure egg production ranges from about 75 per cent in the so- 
matically Immature birds to about 60 per cent (of the same order 
as for milk production In cows) subsequent to somatic maturity. 

Differences exist between individuals in the efficiency of feed 
utilization.'’ Male chickens were reported as being slightly more 
efficient than females. Fast-growing Individuals utilize their 
feed more efficiently than slow-growing individuals. There ap- 
pear to be differences between breeds and strains in this respect 
The evidence also indicates the heritability of efficiency of feed 
utilization. 


MEETING PHYSIOLOGICAL NEEDS 

We might also consider our purpose in ieeding Irom the physio- 
logical standpoint. We feed firsl to maintain the animal. Main- 
tenance is usually considered the firsl law of nature. By mainte- 
nance we mean keeping the animal in equilibrium, with neither 
gain nor loss In weight. Heat must be provided to keep up the body 
temperature. The body temperature of poultry is considerably 
higher than of other farm animals. According to Fronda,* the 
fowl and guinea hen have a temperature of approximately 107’ F., 
the duck and pigeon 108' F., the turkey 106' F , and the goose 
105' F. Energy must be supplied for all action, both voluntary 
and involuntary. Voluntary action mcludes such activity as 
scratching, walking, and flying; involuntary action is connected 
primarily with body processes, such as digestion and the like 
Material must be supplied to renew the body tissues which are 
bemg constantly worn out and to provide (or the various body 
secretions. The more important ol these secretions are the vari- 
ous juices concerned in d^estion 
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The maintenance requirement of poultry Is very considerable. 
This requirement takes the major proportion of the feed con- 
sumed. If the mature hen is out of production nearly all the feed 
is used for this purpose. Even if the hen is in heavy production, 
probably at least 70 to 80 per cent of her food is needed for 
maintenance. Joshi, Shaffner, and Jull® reported that, with hens 
laying at the rate of 72 per cent, approximately 71 per cent of 
the food consumed was used for body maintenance, 27 per cent 
for the production of eggs, and 2 per cent for increase in body 
weight. Brody, Funk, and Kempster® report the gross energetic 
efficiency (the percentage of the feed energy which appears In 
the egg) for Leghorns as follows: 


Percentage 


100-egg producers 11 
150-egg producers 14 
200-egg producers 17 
2S0-egg producers 20 
360-egg producers 27 


For young stock, the proportion of feed needed for maintenance 
is smallest early in life when the chick Is growing rapidly and 
Increases as the chick grows older and the rate of growth is 
slowed down. Records of experiments with White Leghorn chicks 
at Cornell University indicate approximately 65 per cent of the 
food used for maintenance the first month, 75 per cent the sec- 
ond, 80 per cent the third, 85 per cent the fourth, and 90 per cent 
the fifth month. 

After the animal is maintained, an increase in tissue can occur. 
In young slock this is called growth; in mature birds It might be 
fattening. Growth in the young animal is chiefly an increase in 
water, protein, and minerals; in the mature animal it might be 
fat. 

Excess food may also be used for the production of a useful 
product and for reproduction (the development of a new individu- 
al). Those two are mentioned together because, in the case of 
the fowl, production and reproduction are the same process. 

That is not true of other farm animals. Milk production in the 
dairy cow is a separate process from reproduction. 

Production or reproduction in poultry must not take place be- 
fore growth Is well advanced; otherwise there Is danger of stunt- 
ing. Reproduction necessitates complete production; and, so far 
as the hen is concerned, she will endeavor to produce a complete 
which is capable of reproducing herself. The animal in a 
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reproductive state is more Intensely nervous. Since abundant 
production is desired, there is obviously an intense strain on the 
vitality of the bird. Unless there is an abundant and proper feed 
supply to keep up body reserves and maintain health and vitality, 
we shall fail to get not only hatching quality but production as 
well. 


SOME PRINCIPLES OF FEEDING POULTRY 


Food furnishes the fuel which is burned in the body. An es- 
sential part of this burning process is oxygen. The amount of 
oxygen needed depends upon the chemical composition of the ma- 
terial that bums in the animal. The rate of metabolism regulates 
the amount of oxygen absorbed and the carbon dioxide given off. 

The phenomena of life are composed of phenomena of motion 
due to the liberation of energy locked up in the feed. These mo- 
tions are manifested chiefly as heat, mechanical energy, and 
electric currents. 

The feeding of poultry Involves certain special considerations 
not encountered in feeding other farm animals. First, there are 
the physiological considerations. All the body processes are 
conducted in shorter time. Digestion is more rapid. Respiration 
and circulation are faster. The body temperature is 8 to 10 de- 
grees higher. A greater amount of body surface is exposed per 
unit of weight. The individuals show greater activity. They are 
more sensitive to external influences. They mature early. Pro- 
duction is always full and complete, or there is none. The hen 
does not lay hall an egg The young stock has wonderfully quick 
growth, the young chick often increasing its weight ten times or 
more in 5 weeks. 


All these facts indicate that in poultry we are dealing with 
animals that require a high rate of metabolism. It must, there- 
fore, be kept in mind that the requirements are thus more exact- 
ing and the balance or equilibrium more easily disturbed. 

There are also certain anatomical considerations which must 
be kept in mind, "nie hen grinds all her feed in the gizzard 
Since the capacity of the digestive tract is limited and since 
fiber is practically Indigestible, there is danger of a lack of suf- 
ficient nutriment when the feeds are very coarse. To avoid this 

duce other ddI.colt.es. It ts necessary, therefore, to maintam a 
proper balance between the bnlk, and the concentrated feeds. 

Certain manaBement considerations are also involved when 
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comparing the feeding of poultry with the feeding of the larger 
farm animals. A greater number of individuals are represented 
per man unit, increasing the need for closer scrutiny and obser- 
vation of condition of the animals. Furthermore, the birds are 
fed collectively rather than individually, as the larger animals 
are. In the flock birds of many states of nutrition are likely to 
be represented, and they require different rations or methods 
of feeding. Management that gets the best results from one part 
of the flock will not get the best from another part and might 
actually be detrimental. However, in order to overcome this 
difficulty to the greatest degree, there is need for flock segre- 
gation in which birds nearly alike in physical condition, age, 
sexual maturity, and production, and therefore in nutritive re- 
quirements, are placed In separate units and fed accordingly. 
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CHAPTER 3 


COMPOSITION OF PLANTS, 

ANIMALS, AND RATIONS 

THE FEED NUTRIENTS AND THEIR FUNCTIONS 
All feeds are composed of several dlsUnclly dllferenl groups 
of substances, which are called nutrients. These nutrients have 
definite functions or uses In the body. A continued deficiency ol 
them will result In general debility, which finally will end in 
death. 

In practical feeding, it is not the separate nutrients which are 
dealt with, because most natural feeds are mixtures of nutrients. 
No two feeds are alike in that they contain these nutrients in the 
same proportions. Each feed Is likely lo contain a larger pro- 
portion of one or more of the nutrients. These differences make 
it necessary to regulate the amount of the different feeds used 
so that the total of each nutrient furnished by the ration as a 
whole will be correct. 

Most of our feeding stuffs come from plant material. The plant 
tissues are derived from the Inorganic matter ol the soil and air 
with the aid of energy from the sun. Approximately twenty dlf- 
lerent chemical elements ate generally found in plant and animal 
tissues. They are combined Into the compounds known as nutri- 
ents. The recognized nutrients are carbohydrates, fats, minerals, 
proteins, vitamins, and water. 

WATER. Water is a compound composed chemically of 2 parts 
of hydrogen and 1 of oxygen. The amount which occurs m feeds 
IS quite variable. Green or succulent feeds may contam as much 
as 80 to 90 per cent of water. In kiln-dried feeds, the amount 
present may be as low as 5 per cent, whereas the ordinary grains 
usually contain 10 to 12 per cent of water. 

A large proportion of both the body of the fowl and the egg is 
composed of water. More than half of the body and Va of the egg 
are water. Since the body of the hen and likewise her product, 
the egg. contain more water than solid material, water is an im- 
portant ingredient of any poultry ration The ordinary poultry 
ration is composed of feeds containing a relatively small amount 
of water, which will supply only a part of the requirement for 
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this nutrient. Hence special attention must be given to the water 
supply. Water is necessary for all the body activities. It is the 
medium in which the different body processes take place. It also 
regulates the body temperature. 

Very often the water supply Is neglected. It is just as essen- 
tial as feed. In fact, a hen can live for a longer period without 
feed than she can without water. It is not possible to supply suf- 
ficient water to the hen by giving her access to it once or twice 
a day, as is done with the larger farm animals. Hens must have 
a continuous supply of water for they drink only a small amount 
at one time. Especially with dry-mash feeding, it Is necessary 
to have water available whenever feed is available. During 
freezing weather and where artificial illumination is used, some 
provision should be made to keep the water from freezing. The 
hens will also appreciate having the chill removed from the wa- 
ter and will consume larger amounts of It. 

MINERALS.* The mineral portion of (he feed or animal body 
is also known as the ash or inorganic matter. Only about a dozen, 
or perhaps fifteen, are thought to be necessary for the animal 
body. The Inorganic matter appears chiefly as phosphates, sul- 
phates, carbonates, chlorides, nitrates, iodides, or silicates of 
sodium, potassium, calcium, magnesium, Iron, copper, manga- 
nese, or zinc. 

Minerals are important to the animal, but they must be present 
in the right concentrations. The animal body can tolerate some 
variation in this respect, but considerable departure from the 
normal is likely to be detrimental. 

Some minerals, such as manganese, cobalt, copper,. iodine, 
and Iron, are required only in very small amounts and arc called 
trace minerals. 

^cation of Minerals . Minerals enter into the composition of 
altuody tissues. Their distribution, however, is not uniform 
since one finds concentrations of certain minerals in different 
tissues. For example, the l)oncs are a storehouse for minerals, 
CEprclally calcium, phosphorus, and magnesium. Tlie shell of 
the cpg Is made up largely of calcium. On the other hand, the 
yulk of the egg has larger proportions of phosphorus and sulfur. 
Potassium is found abundantly In such tissues as muscles, gland.?, 
and nerves. Sodium Is found in large amounts in blood and lymph. 
PhoHphorus and sulphur enter Into the compo.sltlon of proteins. 
Chlorine Is a conMliuent of the hydrochloric acid of the gastric 
I'llce. Iron Is conccntr.atcd in the hemoglobin of the blood. Iodine 
t* foui^d chiefly In the thyroid gland; silicon in the feathers. Co- 
hab is an integral part of vitamin Bi^. 
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Function of Minerals. The various minerals are Intimately 
bo^HdVwith animal lilc. They furnish bulUini; materials, as a 
part of bones they provide rigidity to the body, and they help to 
control the various lile processes. They aid in digestion, as- 
slmilation, distribution of food nutrients in the body, and excre- 
tion. Some ol them act as catalysts. Others function as buffers 
in the blood and tissues. Some are connected with enzyme acti- 
vation, oxidation processes, and cell regulation. Minerals might 
also be involved In the activity of the intestinal flora. 

Calcium, phosphorus, and magnesium are essential for bone 
formation. Their utilization Is dependent upon the presence of 
sufficient vitamin D. Calcium Is also essential for clotting of the 
blood. Magnesium is connected with nerve and muscle activity. 
Phosphorus also functions in the metabolism of carbohydrates 
and fats. All the common forms of calcium appear to be well 
utilized. However, some forms of phosphorus are not available 
to poultry.* This is true especially for the phosphorus In fecd- 
stuffs of vegetable origin which is largely In the form of phytln. 
Inorganic phosphorus Is readily available. In the ration for the 
growing chick a ratio of calcium to phosphorus of 1.5:1 Is de- 
sirable. 

Sodium chloride (salt) is the chief inorganic constituent of the 
blood plasma. The addition of salt to poultry rations is a com- 
mon practice. Salt metabolism is related to water balance. The 
amounts should be restricted since excess salt will cause wet 
droppings and hence wet Utter. Excessive amounts of salt are 
toxic to chickens. (See Chap. 5, section on minerals.) 

Sulfur is an essential mineral and is accounted for almost 
entirely by the sulfur which occurs in organic combination in the 
amino acids, methionine, and cystine. Inorganic sulfur has little 
value in the poultry ration. 


Iron and copper are necessary for hemoglobin formation. They 
function In connection with oxygen transfer. 

Iodine is necessary for the normal functioning of the thyroid 
gland. Most of the iodine of the body occurs in thyroxin, the hor- 
mone secreted by the thyroid gland, which regulates body metab- 
olism. 

Potassium as well as sodium helps to regulate the osmotic 
pressure in cellular tissue and body fluids. Symptoms of potas- 
sium deficiency in the chick include retarded growth, weakness, 
loss of use of legs, and the excretion of large amounts of urates. 
Death was preceded or accompanied by teUnic seizures in which 
the muscles were unable to relax. Bone calcification was inllu- 
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enced by the amount of potassium In the diet. Electrocardio- 
grams of chickens produced on a potassium deficient ration 
were abnormal. 

Mineral Relationships . Certain mineral metabolism rela- 
tionships exist, for there must be a proper balance of minerals 
in the body. To some extent the animal can excrete excesses. 
The bones act as a storehouse for some of the minerals. Cal- 
cium is more effectively assimilated in the presence of vitamin 
D; magnesium salts cause a loss of calcium. Potassium in- 
creases sodium elimination, and calcium increases phosphorus 
elimination. An excess of phosphorus also increases the need 
for manganese. On the other hand, copper has a favorable re- 
action in sparing Iron. The best results are secured when an 
optimum ratio of certain of the minerals is maintained, such as 
a balance between calcium and phosphorus, and between calcium 
and sodium and potassium. 

Acid-Base Balance . Some of the minerals such as sulfur, 
phosphorus, and chlorine are acid in reaction, whereas others 
such as calcium, magnesium, sodium, and potassium are basic. 
It is thought best to use feeds containing these minerals in such 
proportions as to provide a proper acid-base balance. 

Lack of Minerals . Mineral starvation of chickens, due either 
to an actual lack of minerals in the ration or to their unavail- 
ability, results in weak limbs and improper bone development. 

A general irritability or excitability and even spasms or convul- 
sions may result from a lack of minerals. Where the minerals 
have specific functions, a lack of them will produce specific de- 
ficiencies, such as anemia when iron is deficient, goiter when 
iodine is lacking, and perosls when there is not enough manga- 
nese present. A deficiency of magnesium* might cause convul- 
sions accompanied by gasping. Calcium and phosphorus arc 
required in largest amounts in the ration because of the needs 
for bone and eggshell formation. These minerals function In 
connection with vitamin D. When not present in sufficient 
amounts, weak eggshells will bo produced and rickets will de- 
'clop. (See vitamin D, p. 41.) 

Other minerals, needed only In small amounts but important 
to the animal, arc the minor elements, manganese* and Iodine. 
"Ith shortages of these minerals, specific nutritional deficiency 
Conditions develop. 

Perosls and Manganese Deficiency. Perosls* is a nutritional 

cflclency condition due to a lack of manganese and possibly 
^me other factors, such as choline, biotin, or folic acid. It is 
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in^to^t^P tendon or enlarged hock disease, ow- 

which causp«f^'"^ ?! tendon and the enlargement of the hock 
D- Perosls usually ap- 
pears when the chicken is 3 to 5 weeks old. 
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An ataxia* characterized by a tetanic spasm and due to a man- 
ganese deficiency in the maternal diet has also been reported. 

Goiter.® A deficiency of iodine in the ration affects the func- 
tioning of the thyroid gland, causing an enlargement known as 
goiter. The thyroid gland increases to many times the normal 
size. Histological examinations of the enlarged thyroid glands 
show an absence of colloid and a hyperplasia of the living cells 
of the follicle. 

Iodine might be deficient, especially if the amounts of fish 
meal and other marine products are limited. It has also been 
observed that soybeans have a goitrogenic effect. The addition 
of 0.5 per cent of iodized salt to poultry rations is adequate to 
meet the iodine requirements. 

Anemia.*® A deficiency of iron or copper in poultry rations 
results in anemia. Certain vitamins or organic factors, such as 
folic acid, have been reported as also being essential for the 
prevention of anemia in growing chicks. 

Probable Mineral Deficiencies . The ration must contain a 
suitable inorganic content. However, the practical pouUryman 
Is concerned only with the minerals that might be deficient In 
his ration. If a good ration, made up of natural feeding stuffs, 

Is fed, the minerals that are likely to be found deficient are 
sodium, chlorine, calcium, and phosphorus. 

The sodium and chlorine are furnished by adding common 
salt. Usually one-half to one per cent Is included in the ration. 
Calcium for eggshell formation is best supplied in the carbonate 
form. Oyster shells and limestone will furnish this mineral. 
Whore wheat by-products, meat scraps, and milk are used, there 
will usually be enough phosphorus. When necessary to supply 
phosphorus, bone meal, dicalclum phosphate, or dcfluorinaled 
rock phosphate are added to the ration. 

Manganese might sometimes be deficient. Only small amounts 
oI the manganese salts will supply the need. A common practice 
of commercial mixers is to add about one quarter pount of man- 
Kanese sulphate to each ton of mash. 

Possible Mineral Excesses. Whore minerals are necessary, 
ihey usuall^ced to bo added in only comparatively small quan- 
tities. Some are detrimental in large amounts. For instance, 
too much calcium" will retard growth and increase mortality in 
chicks and decrease production and halchabllity. In the body 
Certain minerals are balanced by other minerals, and excesses 
OI some might use up the others so as to cause a dcftclency. Tliis 
true of phosphorus which will combine with manganese. 
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From the feeding standpoint, the carbohydrates consist of ni- 
trogen-free extract (N.F.E.) and fiber. The nitrogen-free ex- 
tract consists mainly of starches, sugars, and a large part of 
the hemicelluloses. It makes up the so-called soluble portion of 
the carbohydrates. The fiber, the woody portion or cellulose 
tissue of the plant, consists of cellulose, hemicellulose, and 
lignin. In the fowl, fiber is digested, If at all, to only a slight 
degree. It, therefore, should not be fed in large amounts. 

Carbohydrates are used by the body as a source of heat and 
energy. Any excess may be stored in the body as fat. The yolk 
of the egg, which Is largely fat, may be derived from excesses 
of carbohydrates in the ration. 

FATS. Lipids (fat and fat-like substances) are organic com- 
pounds soluble in such organic solvents as ether, chloroform, or 
benzine, and composed of glycerol and fatty acids (commonly 
stearic, palmitic, and oleic acids). Like carbohydrates, they 
contain the three elements carbon, hydrogen, and oxygen. They 
function the same as carbohydrates in that they serve as a 
source of heat and energy in the body and of fat in the body and 
the egg yolk. Fats, however, are so constructed as to liberate 
more heat upon burning or when digested. They contain approxi- 
mately two and one fourth times as much energy as carbohy- 
drates. Therefore, less fat is required to serve the same func- 
tion. 

Recent evidence indicates that chickens also have a specific 
requirement for certain of the unsaturated fatty acids” which 
would then become essential fatty acids. 

In the feeding of poultry, carbohydrates, rather than fats, are 
fed as the principal source of energy. This is true because car- 
bohydrates are usually cheaper and are very easily digested, 
absorbed, and transformed into fat. Feeds which contain large 
amounts of fat are likely to'become rancid in hot weather, and 
rancid feed may be injurious to poultry by oxidizing some of the 
vitamins. Small amounts of fat, however, are desirable since 
they are carriers of the fat-soluble vitamins and aid in their 
absorption. 

Most of the feeds used in poultry rations do not carry loo 
much fat. Those feeds which arc high in fat, such as flaxseed, 
cottonseed, sunflower seed, and soybeans, are usually extracted 
for their oil and the remaining meal used for animal feeding. 

PROTEINS. Proteins arc complex organic compounds made 
up chiefly of amiBo acids, present In characterhsilc proportions 
for each specific protein. This nutrient always contains carbon, 
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hydrogen, oxygen, and nitrogen, and in addition usually contains 
sulfur and frequently phosphorus. Proteins are composed of 
many simpler units called amino acids, of which twenty-three 
are known. The amino acids are sometimes referred to as the 
building stones of the proteins. The value of protein depends 
upon its amino acid composition. The feed proteins are broken 
doum into amino acids by digestion. They are then absorbed and 
distributed by the blood stream to the body cells which rebuild 
these amino acids into body proteins. 

Essential Amino Acids. Certain of the amino acids are called 
essential amino acids, because they are Indispensable to the ani- 
mal and cannot be synthesized by the body, and hence must be 
included in the diet. When the protein contains all the necessary 
amino acids and will maintain the animal and promote normal 
growth, it is called a complete protein. Some proteins may be 
deficient in one or more of the essential amino acids. Such pro- 
teins are sometimes called incomplete proteins. A combination 
of Incomplete proteins may supply proteins of good quality in a 
ration because of their supplementary effects. The deficiency of 
amino acids In one protein is made up tor by the presence ot 
these amino acids in the other protein or proteins. 

Amtno Acids . The known amino acids which are involved in 
nutrition are: tryptophan, lysine, methionine, histidine, leucine, 
Isoleuclne, phenylalanine, threonine, vaiine, arginine, glycine, 
cystine, alanine, norleucine, tyrosine, serine, aspartic acid, glu- 
tamic acid, hydroxyglutamic acid, proline, hydroxyproline, iodo- 
gorgoic acid, and thyroxine. OI these, the first eleven have been 
shown to be essential for chickens. Methionine and cystine are 
sulfur-bearing amino acids. Thyrojone and iodogorgoic acid 
contain iodine. Cystine can substitute for part of the methionine. 
Glycine or arginine are precursors of creatine and, with cystine, 
are essential for feather development and also prevent a certain 
type of paralysis." Lysine has been reported as being needed 
for feather pigment formation in turkeys** (Fig 2). 

Proteins are widely distributed in plants, which build them up 
from simple sources in the soil and air. Proteins are the mam 
constituents of animal tissues, which must derive them directly 
or indirectly from plant tissues. Animal protein feeds are gen- 
erally of hi^er quality than vegetable prolem feeds because 
they contain a larger amount of the essential amino acids as well 
as other necessary nutrients. 

Moderate heat treatment improves the quality of soybean pro- 
tein, whereas prolonged heat treatment decreases the quality. 




Fig. 2. White-feather syndrome coused by feeding o lysine-deficient diet 
(fight). 7-week old poults. (Courtesy Ontorio Agriculturol College.) 

This Is probably due largely to the effect of the heat treatment 
upon the availability of such amino acids as methionine, lysine, 
and tryptophan. 

Requirements for Proteins . Birds require proteins in their 
ration for the construction of body tissues. Tissues which are 
mainly protein are muscles, nerves, cartilage, skin, feathers, 
and beak. The albumen of the egg is also largely protein. Pro- 
tein may also enter into the composition of enzymes, hormones, 
and vitamins. 

Proteins also have definite physiological effects. One of these 
effects is the specific dynamic action of proteins, in which the 
cell activity is stimulated, and the heal production thereby in- 
creased. The animal can take care of a considerable excess of 
protein, but sometimes overfeeding of proteins may affect the 
kidneys. 
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The prime (unction of protein In the animal body is to supply 
the ammo acids. Any amino acids that are left over, after 
requirement has been met. are destroyed in the liver. In this 
process, a part of each amino acid is turned into (uel, and the 
remainder is excreted by the kidney. Hence proteins in the ra- 
tion can also serve as a source of energy. However, because 
proteins are usually expensive, carbohydrates or fats are more 
economical to use as a source of energy. 

Continued health and physiological efficiency are possible ove 
a wide range of protein intake. However, with proteins, perhaps 
as with no other nutrient, the body is on continual guard against 
possible deleterious action of its intermediate digestion prod- 
ucts, bacterial end products, and Intermediate metabolites. 

VITAMINS. Vitamins are those substances which occur in 
natural feeds in relatively small amounts but are absolutely 
necessary for growth, reproduction, and the maintenance of 
health. A prolonged deficiency of many of the vitamins will de- 
velop a nutritional deficiency disease.®* The symptoms of some 
of these are characteristic so that an experienced observer has 
little dilliculty in recognizing them. Some of these deficiency 
diseases have been known throughout medical history, such as 
scurvy, rickets, beriberi, and pellagra. 

Formerly the only method of distinguishing the different vita- 
mins was to observe the effects of rations, deficient in one of 
these nutritive factors, on rats, guinea pigs, pigeons, chickens, 
and other animals. Until recently, very little has been knowi 
regarding the chemical or physical properties of the vitamins. 
However, in recent years a number of these vitamins have been 
isolated themicaiiy and synthesized. At the present time, many 
of the vitamins can be distinguished by chemical and physical 
properties, as well as by biological and bacteriological assay. 

Chemically the vitamins include a variety of compounds. How- 
ever, they are usually classified as fat-soluble and water-soluble 
vitamins. Unlike Uie other classes of nutrients, which are com- 
paratively stable chemical compounds, many of the vitamins are 
more or less unstable. They are destroyed by exposure to air, 
heat, light, enzymes, acids, and alkalis Because of this insta- 
bility, care must always be taken to insure an ample supply of 
vitamins in poultry rations. An excess can in certain cases be 
stored in the animal tissues and in the egg Many of the pure 
vitamins have crystals of characteristic color and shape. 

A number of different vitamins are recognized At first they 

were named by letter or after the effect upon the animal. Where 
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the chemical name is known, this nomenclature is preferred. 
Besides the known vitamins, the existence of others is strongly 
suspected, as several investigators have reported the presence 
of substances in feedstuffs, which are vitamin-like in nature and 
possess characteristics that fail to correspond to those of the 
known vitamins. 

Vitamin A,^‘ Vitamin A is necessary for maintenance of 
healthy epithelia in various parts of the body as in the eyes, 
respiratory tract, and intestinal tract. In vitamin A deficiency, 
the secretions of the intestinal mucous glands, the tear glands, 
and the salivary glands fail. Certain tissues, such as the mar- 
gins of the eyelids, become granular. An opaque appearance, 
caused by keratinization of the third eyelid, may be observed. 
Infection may set in and, where it attacks the eyes, a viscous 



Fig. 3. Vitamin A deficiency. Note the exudate from the eye and the 
genera! ruffled oppeorance. (Courtesy Cornell University.) 


fluid is produced which causes the eyelids to stick together 
(Fig. 3). In some animals, a white film gathers over the center 
of the eyeball and blindness results. When these symptoms oc- 
cur, the disease Is generally called xerophthalmia. Vitamin A 
Is also necessary for the normal adaptation of the eye to dark- 
ness. A low intake of this vitamin results in night blindness. 

Pathological lesions, observed on autopsy, are confined largely 
to the mucous membranes of the mouth, pharynx, esophagus, and 
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respiratory and urinary systems. Creamy white pustules are 
often found on the roof of the mouth and along the esophagus, 
sometimes extending into the crop. Urates accumulate in the 
ureters and in the kidney tubules, so that these organs are en- 
larged and creamy white in color. This orate accumulation is 
easily detected on gross examination because of Its whitish ap- 
pearance. 

In mature fowl, the symptoms noted for chicks may develop 
much more slowly, bu» the eye disorder often becomes more 
acute. A cheesy exudate from the eyes often is observed, as well 
as a sticky discharge from the nostrils. The disease is some- 
times referred to as nutritional roup because Of Its similar ap- 
pearance to roup, a true disease due to other agents. Egg pro- 
duction and hatchabillty are markedly reduced. It has been 
reported that blood-spot incidence decreased as the level of 
vitamin A was increased. 

On a severely deficient chick diet, the symptoms of vitamin A 
deiiciericy may appear in 1 to ^ weeks. Growth ts markedly re- 
tarded, the chicks show general weakness, emaciation, and ruffled 
plumage. Afflicted birds walk in a peculiar weaving or zigzag 
manner and finally are unabie to stand. After this, death soon 
occurs. 

The symptoms of a vitamin A aeficiency in turkey poults are, 
in general, similar to those described for chicks, but are usually 
much more acute. 

Vitamin A, a fat-soluble vitamin, has been chemically identi- 
fied but not yet given a chemical name. Plants contain precursors, 
that is, substances that are transformed into the vitamin in the 
animal body. The pigments carotene arul cryptoxanthin are pre- 
cursors of vitamin A. Carotene is associated with yellow pig- 
ments in plants. When vitamin A and carotene are exposed to the 
air, particularly at warm temperatures, they are gradually de- 
stroyed. Hence viUmin A may be lost during storage. The chief 
sources of vitamin A are fish oils, some animal fats, green 
grasses, properly dried grasses, yellow corn, and synthetic 
vitamin A. 

Vitamin B Complex . The original viwmin, known as vitamin 
B. has been found to be composed of a large number of vitamins 
or vltamjn-ljks factors. This condition has made the terminology 
confusing. Some of these factors have been isolated and recog- 
nized; others are still not so well known 

Vitamin Bi (Thiamin).” Vitamin Bi, known chemically as thia- 
min, IB necessary for maintenance of the appetite and preserva- 
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tion of the health of nervous tissue. Vitamin Bi deficiency re- 
sults in loss of appetite, emaciation, general weakness and in- 
ability to stand, frequent convulsions, and finally death. It is 
known technically as polyneuritis or beriberi. In the acute stages 
of polyneuritis, the head may be drawn over the back (Fig. 4). 



Fig. 4. Vitamin Bi deficiency (polyneuritis). Note typical head retroction. 
(Courtesy Cornell University.) 


Thiamin is found in the germ and bran of all grains, as well 
as in yeast, alfalfa, green pasture, and milk products. Hence it 
is plentifully supplied in every ordinary poultry ration and does 
not need to be fed in extra quantities by providing special sup- 
plements. It is soluble in water and alcohol and is very stable. 
Exposure to air and moderate dry heat do not destroy it. 

Riboflavin (Vitamin 83 or G). Vitamin B 2 (G), known chemi- 
cally as riboflavin, is required for the formation of an enzyme 
present In all living cells. It Is necessary for growth, preserves 
the health of the peripheral nerves, prevents leg paralysis 
(curled toe paralysis), and is essential for hatchability. 

A lack of riboflavin in the diet of young chicks results in di- 
arrhea, retarded growth, and paralysis of the legs, sometimes 
called nutritional leg paralysis.®’ It involves the legs and feet 
and occurs in two stages, a preliminary stage which is curable 
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and an acute stage which is incurable. Nutritional paral>sis is 
characterized by chicks suddenly walking on their hocks, with 
toes curling inward. Otherwise the chicks appear to be In excel- 
lent health. The disease ordinarily appears when the chicks are 
3 to 4 weeks old. There may be some trembling of the legs 
(Fig. 5). Chicks receiving rations only partially deliclcnt in this 
factor often recover spontaneously. The severe cases of the 



Fig, 5, Riboflavin dafictency in o young chick. Nofe ihe position of the 
hecks, with the toes curiad tnwofd. (Courtesy Cornell University.) 


paralysis show very marked hypertrophy and softening of the 
brachial and sciatic nerves, which are usually discernible by 
inspection. The symptoms are most pronounced and most often 
obser%ed in the sciatic nerves. These nerves occasionally reach 
a diameter four to five times normal size. 

In breeding birds** a deficiency of riboflasinn results in poor 
hatchability. The requirement for hatchability is considerably 
higher than for egg production and maintenance of health. The 
embryos that fail to hatch as a result of a riboflavin deficiency 
are dwarfed, show a high incidence of edema, degeneration of 
the Wolffian bodies, and a charactenstically defective dowm de- 
velopment, termed clubbed down. On a ration moderately defi- 
cient in riboflavin, many embryos die during the second week of 
incubation. The mortality reaches a peak at about the eleventh 
day of development. 

Riboflavin is a water-soluble vitamin, is fairly stable to heat, 
but is destroyed by irradiation. 
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The chief sources of riboflavin for poultry rations are milk 
products, yeast, liver, alfalfa meal, cereal grass, green pastures, 
and by-products of the fermenting and distilling industries. 
Pantothenic Acid. Pantothenic acid, known also as the anti- 
dermatitis vitamin or the filtrate factor, preserves the health of 
the skin and spinal cord. A pantothenic acid deficiency in young 
chicks“ results in retarded growth and extremely ragged feather 



Fig. 6. Pontothenic acid deficiency. Nofe the lesions at the corners of 
the mouth, on the eyelids, and feet. (Courtesy Cornell University.) 

development (Fig. 6). Within 12 to 14 days, a peilagra-like syn- 
drome develops. The eyelids become granular and stick to- 
gether as a result of a viscous exudate. Crusty scabs appear at 
the corners of the mouth and around the vent. Dermatitis of the 
feet, involving thickening and fissuring of the skin on the bot- 
toms of the feet, causing an awkward gait, is sometimes observed 
in pantothenic acid deficiency, though the lesions are seldom as 
severe as those brought about by a biotin deficiency. Liver dam- 
age and changes in the spinal cord may be seen on post-mortem 
examination. 

Lesions in adult fowls, similar to those of growing chicks, 
have usually not been observed although a deficiency of panto- 
thenic acid results in lower hatchabillty.*® 

Pantothenic acid is supplied cbietly by milk products, yeast, 
liver, cane molasses, peanut meal, distillers’ solubles, alfalfa 
meal, green pasture, and grains and grain by-products. 

Vitamin Be (Pyridoxine). Vitamin Be, known chemically as 
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pyrWoxine, is necessary lor growth and maintenance ol appetite 
and the prevention of a certain type of convulsions. ’ Chicks fed 
a pyridoxine-deficient diet show a small initial gain, then cease 
to grow, or grow very slowly. Some chicks show abnormal ex- 
citability and somewhat Jerky convulsive movements. Chicks 
suddenly may run about aimlessly, often flopping their wings and 
keeping their heads down. Later, convulsions occur. During 
these convulsions, the chick may rest on its breast, raise its 
feet off the floor, and flop Its wings. Chicks may fall on their 
sides, roll over on their backs, and rapidly paddle their feet. 

The head often jerks up and down or retracts, as in polyneuritis, 
and sometimes moves convulsively in an up-and-down movement 
with the neck distended or twisted. Complete exhaustion follows 
one of these convulsions, which arc frequently fatal (Fig. 7), 



Pyridoxine deficiency in mature birds is characterized by loss 
of appetite followed by rapid loss of weight, and death. Egg pro- 
duclion aad hatchability are reduced markedly '■ 
h pyndomne in the ration are grams, wheat 

ttUer?Sluble," m folasses, dis- 

‘ solubles alfalfa meal, and cereal grass 
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Bi 2 also appears to be connected with protein metabolism. The 
response of “animal protein /actor” supplements was due chiefly 
to their content of this vitamin. 

Vitamin B 12 is supplied by special fermentation products, 
liver, fish meal, fish solubles, meat scrap, and milk products. 

Niacin (Nicotinic Acid). Niacin, formerly known as nicotinic 
acid, is necessary for growth and feather development. It pre- 
vents inflammation of the mouth cavity, esophagus, and crop, 
and scaly dermatosis of the skin and feet.“ 

A deficiency of niacin in the diet of the chick results in 
“Blacktongue,” a condition characterized by inflammation of the 
tongue and mouth cavity. Beginning when the chick is about 2 
weeks old, the entire mouth cavity of the deficient chicks, as 
well as the upper part of the e.sophagus, become distinctly in- 
flamed with a deep red color, in contrast to the normal pink of 
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the healthy chick. Grovrth is retarded and feed consumption is 
reduced. Poor feather development and occasionally scaly der- 
matitis of the feet and skin are also observed. 

Bowed legs in ducks caused by muscle deterioration has also 
been attributed to a niacin deficiency” (Fig. 8). 

Pellagra in human beings and a similar condition in dogs, 
knOTiTi as blacktongue, are prevented by niacin. 

The chief sources of niacin in the ration are liver, yeast, 
wheat by-products, rice by-products, peanut meal, distillers’ 
solubles, corn gluten feed, cereal grass, barley, and synthetic 
niacin. 

Biotin. Biotin (formerly sometimes called vitamin H) is nec- 
essary for growth and hatchabillty. It is also involved in the 
prevention of perosis and a dermatosis similar to pantothenic 
acid deficiency. 

In biotin deficiency In chicks® lesions first appear In about 
3 weeks, although considerable varialjon In the time ot appear- 
ance has been noticed. The bottoms of the feet become rough 
and calloused and may be severely affected before mandibular 
lesions are apparent. As the syndrome progresses, the entire 
bottom of the foot becomes encrusted, and hemorrhagic cracks 
appear. The toes may become necrotic and slough off, but the 
top of the foot and the legs usually show only a dry scallness. 
The mandibular lesions, which first appear in the comers of the 
mouth, spread to include the area around the beak, and the eye- 
lids eventually become swollen and stick together (Fig. 9). In 
contradistinction to these symptoms, the lesions in pantothenic 
acid deficiency are first evident m the comers of the mouth and 
eyes, and only in extreme cases do the lesions of the feet be- 
come so severe. 

Biotin has been reported to be one factor necessary for the 
prevention of perosis in chicks and In turkeys Turkey poults 
exhibit symptoms very sImlUr to those described for chicks 
when fed a biotin-deficient ration. 


Feeding mature fowl a biotin-deficient ration causes reduced 
^atchabiml• wlule egg prodoellon is not adversely affected, indi- 
cating that the requirement lor the production of hatchmg eggs 
ts much higher than necessary tor maintenance ot good health 

CM similar to that ot 

chicks led blolln-dcliclent rations has been observed 


The chief sources of biotin In the 


ration are grains, liver, 


SleT' Eceeo pasture, and dist.’llers’ 
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Fig. 9. Biotin deficiency. Note lesions on the feet ond ot the corner of 
the mouth. (Courtesy Cornell University.) 


Choline,” Choline is necessary for growth, bone development, 
and egg production. A lack of choline in the diet of young chick- 
ens and turkeys results in retarded growth and perosls. In duck- 
lings a choline deficiency has also been reported as causing fatty 
infiltration of the liver. Choline deficiency in mature birds has 
been reported to result in increased mortality and lowered egg 
production, with an Increased abortion of egg yolks from the 
ovary. 

Choline is supplied by grains, wheat by-products, liver, meat 
scraps, fish meal, milk products, soybean meal, peanut meal, 
distillers’ solubles, and choline concentrates. 

Folic Acid” (Pteroylglutamic Acid, Folacin). Folic acid is 
necessary for growth, maintenance of weight, hemoglobin for- 
mation, egg production, and hatchablltty. It is also involved in 
good feather formation and the prevention of perosis. In turkeys 
and geese its absence will cause cervical paralysis (Fig. 10). 

The chief sources of folic acid are soybean meal, peanut meal, 
yeast, distillers’ solubles, alfalfa meal, cereal grass, green 
pasture, and liver. 

Other Organic Factors. Inositol,” which has been reported 
necessary for growth, is present in grain, wheat by-products, 
alfalfa meal, milk products, yeast, and liver. 
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Fig. 10. folic acid deficiency. Top, cervical poralysls in a turkey. Bot- 
tom, poor feothenng m a cWck. (Courtesy Cornell University ) 

Glucuronic acid,** which has been reported necessary for 
growth. Is found In oats, wheat by-products, liver, meat scraps, 
and fish meal. 

The antlgizzard erosion factor* has not been identified chem- 
ically. It prevents crater-like lesions and eroded areas on the 
secreted lining ol the gizzard. It is present largely in allalla 
meal, green grass, wheat by-products, oats, and fresh milk. 
Cholic acid of the bile is an effective preventive of gizzard le- 
sions. 

Vitamin C {Ascorbic Acid). ViUmin C Is not needed in the 
poultry diet. Apparently birds are able to make this substance 
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Fig. 11. Vitamin D deficiency (ricket$). Note the ungoinly monner of 
balancing the body and Initial swelling of the hock joint. (Courtesy Cornell 
University.) 

In their own bodies. In those species which require vitamin C a 
deficiency of it will produce scurvy. 

Vitamin D. Vitamin D is necessary for calcium amd phos- 
phwus utilization. It prevents rickets, the laying of thin-shelled 
eggs, and failure in egg production and hatchability. 

A lack of vitamin D, in the absence of direct sunlight, results 
in the nutritional deficiency rickets.^® The chicks are retarded 
in growth, show a disinclination to walk, or walk with a lame, 
stiff-legged gait, and have an ungainly manner of balancing the 
body (Fig. 11). The chicks appear generally unthrifty. In this 
disorder, an upset occurs in the mechanism involving the ab- 
sorption and retention of calcium and phosphorus, as a result of 
which these minerals are not deposited in normal amounts in the 
bony structure of the body (Fig. 12), Abnormal bone development 
may be detected most readily in the legs and at the junction of 
the ribs on the side of the breast. The spinal column may be 
curved, and the sternum usually shows acute lateral bending or 
depression. Enlargement of the hock joints and beading of the 
rib ends become apparent. The beak is soft and rubbery and 
may be easily bent. 



Fig. 12. Vitamin D deficienc/ Left, poor skeletal formalton. Note beading and bending of the ribs, spinal curva- 
ture, and crooked breastbone Right, poor bone formation. Top, rachitic bone. Note wide band of cortllage ond 
lack of calcification. Bottom, normal bone. (Courtesy Cornell University,) 




COMPOSITION OF PLANTS, ANIMALS, AND RATIONS 43 


In mature laying birds, the first symptom of a vitamin D de- 
ficiency is the laying of thin-shelled eggs, followed very shortly 
by decreased egg production. The breast bone becomes soft and 
rubbery, and the bones of the legs and wings become fragile and 
easily broken. Birds may lose, temporarily, the use of their 
legs and squat in a “pcnguin-llke” manner, a symptom which 
sometimes has been called “egg paralysis." Hatchability is re- 
duced markedly. 

The symptoms of a vitamin D deficiency in turkeys are very 
similar to those described for chickens. 

A deficiency of vitamin D has been reported as causing black 
pigmentation in buff feathers.^‘ 

Vitamin D is a fat-soluble vitamin, somewhat more stable 
than vitamin A. However, it is slowly affected by heat and ex- 
posure to air. There are a number of different forms of vita- 
min D. Vitamin D 3 or activated 7-dehydrocholeslerol is the 
form which is most effective for chickens. This is the form 
found in fish liver oils and irradiated animal sterols. When in- 
corporated in the ration, vitamin D is supplied usually as fish 
oils or activated animal sterol. 

Vitamin D intended for poultry use was formerly expressed 
as A.O.A.C. (Association of Official Agricultural Chemists) 
chick units which represented the activity for chicks of 1 unit of 
vitamin D tn U.S.P. Reference Cod Liver Oil. The International 
unit was used to express vitamin D potency for man and four- 
footed animals. The A.O.A.C. unit measured vitamin D 3 . The 
U.S.P. unit measured vitamin D 2 . These could not be used in- 
terchangeably because the effectiveness of these two forms was 
considerably different for poultry. Now vitamin D unitage has 
been standardized by an international committee. The Interna- 
tional or U.S.P. unit for man and four-footed animals is the 
same as the International chick unit for poultry. They represent 
the activity of 0.025 microgram crystalline vitamin D 3 (acti- 
vated 7-dehydrocholesterol). In order to interpret A.O.A.C, 
values in terms of the International chick unit, the A.O.A.C. 
Values must be reduced by 25 per cent. 

Vitamin D is perhaps the most peculiar of the vitamins since 
it may be supplied by certain light rays.^® These rays are usu- 
ally referred to as the ultraviolet rays or ultraviolet light. They 
are rays of comparatively short wave length, found in sunlight, 
and may be produced artificially by mercury vapor or carbon 
^rc lamps. They synthesize the vitamin in the body by activating 
cholesterol in the skin to the active form of the vitamin. 
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Vitamin E. Vitamin E, known chemically as alpha-tocopherol, 
preserves the health of the reproductive organs and of the cere- 
bellum and cerebrum of the brain. It prevents nutritional en- 
cephalomalacia (crazy chick disease), failure in hatchability, and 
loss of fertility in males.** 

A lack of vitamin E in the ration of growing chicks results in 
the condition knou-n as nutritional encephalomalacia. Chicks af- 
flicted with this deficiency disease suddenly become prostrated, 
lying with legs outstretched and spastic, and toes flexed. The 
head is retracted and often twisted laterally. Before the chicken 
becomes completely prostrated, its gait and other movements 
are often incoordinate (Fig. 13). Upon autopsy, lesions are found 
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ferentiation are slow, and many embryos die during the first 2 
days of development because ol a circulatory failure. A definite 
critical period in the development of the embryo occurs about 
the fourth day. 

In poults, a deficiency of vitamin E results in the condition 
known as nutritional myopathy. This condition is characterized 
by lesions in the muscular wall of the gizzard. These lesions 
appear as circumscribed gray areas which often are of firmer 
texture than normal muscle and in some cases suggest scar tis- 
sues. It may also be involved in the production of enlarged hocks. 

Vitamin E, a fat-soluble vitamin, is very stable. It is found 
largely in grains, wheat by-products, alfalfa meal, green pas- 
ture, cereal grass, and wheat germ oil. It is usually present in 
these feeds to such an extent that the fowl's needs seem to be 

completely supplied by ordinary rations. 

Vitamin K. Vitamin K, which has been chemically identified 
buFnot natned and is also known as the antihemorrha^c vitamin, 
is necessary to preserve the clotting power of blood. It does 
prevent death from hemorrhage. 

A lack of vitamin K greatly delays the clotting time of the 
blood, Chicks fed a deficiency ration may bleed to death from 
any injury or bruise which causes rupture of blood vessels. 
Hemorrhages may occur subcutaneously, intramuscularly, in- 
traperitoneally, or in any part of the chick's body (Fig. 14). The 
hemorrhages vary in size and appear to be the only symptom of 
the deficiency. 

In mature birds, vitamin K may be synthesized to some extent, 
as they do not seem to be subject to the acute deficiency. It has 
been shown, however, that laying birds fed a diet low in vitamin 
K produce eggs low in vitamin K. When these eggs are incubated, 
chicks are hatched which have very low reserves of vitamin K, 
with an accompanying prolonged blood-clotting time. Chicks may 
bleed to death from an injury such as may result from wing 
banding. 

Vitamin K is a stable, fat-soluble vitamin. It is found chiefly 
in alfalfa meal, cereal grass, green pasture, meat scrap, and 
fish products. 

Other Vitamins. A number of other vitamins have been re- 
ported, but thelFimportance in poultry feeding has not yet been 
shown. They might include some of the other B vitamins, factor 
S,” the whey factor,^® the grass juice factor,^"' and perhaps 
others. 

Recent reports from a number of experiment stations indicate 
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Fig i4. Vitomin K «le(»c5ency No!* geneioi hemoriVioges (Courtesy 
University ) 

unidentified factors^ in such ingredients as alfalfa, corn mo- 
lasses (hydrol). dried distillers' solubles, dried yeast, lish 
products (including fish meal and fish solubles), liver, meal 
scrap, and peanut meal 
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Requirements for Vitamins. The ration must contain suffi- 
cient vitamin¥.“There is a difference in the requirements of 
different species for the various vitamins. In general, the prin- 
ciples, from a qualitative standpoint, can be applied from one 
species to another. However, quantitatively, the various species 
differ, and the actual requirements must be determined by using 
the species in which one is interested. The quantitative require- 
ments, therefore, for chickens should be determined with chick- 
ens as the experimental animal. The quantity of any of the vita- 
mins required varies with the age, sex, and condition of the 
birds. Chicks and laying hens usually have a larger vitamin 
requirement than do nonproducers. Generally, too, the re- 
quirements for hatchability are greater than the requirements 
only for egg production. Also turkeys differ from chickens in 
their needs. 


ANTIBIOTICS 

One of the most spectacular recent developments in nutrition 
science is the discovery that antibiotics^* have growth-stimu- 
lating properties when fed to chickens, turkeys, and swine. Few 
nutritional discoveries have been so quickly and universally 
applied to feeding practice. The finding came as a result of the 
use of by-products from antibiotic production as sources of 
vitamin B12. 

It had been repeatedly shown that a ration whose protein is 
derived from vegetable source will not produce as good growth 
or hatchability as a ration containing animal proteins. Much in- 
terest was therefore shown in the so-called APF (animal protein 
factor) supplements. This name was derived from the fact that 
these materials were added to rations from which the animal 
protein feeds were removed and this probably supplied a factor 
or factors furnished by animal protein concentrates. They usu- 
ally supplied vitamin B12 and as yet unidentified factors. After 
the discovery of vitamin B12 H was shown that one big differ- 
ence between these rations is that the vegetable protein diet 
contains much less of this vitamin. It was also shown that by- 
products of antibiotic production and other fermentation prod- 
ucts were good sources of vitamin B12 and could be used for 
this purpose to supplement rations whose protein was largely or 
entirely derived from vegetable source. 

After synthetic vitamin B12 became available it was observed 
that at times the feeding of antibiotic by-products produced 
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greater growth-promoting activity than could be attributed to 
their vitamin Bi2 content. It was suspected therefore that some 
other factor, probably the antibiotic, was producing the extra 
growth stimulus. This was confirmed by the use of pure anti- 
biotics such as penicillin, aureomycln, terramycln, bacitracin, 
streptomycin, and others when added to rations containing suffi- 
cient vitamin B12 and other nutrients. 

GROWTH STIMULATION. The Increase in growth rate ob- 
tainable by antibiotic leedmg varies with the type of animal, 
being greatest for turkeys, somewhat less for chickens and gos- 
lings, and least lor ducks. The differences are greatest in the 
early growth period and decrease with age. Increases in early 
growth rate (during the first month) for chickens has been re- 
ported to be about 10-15 per cent. Failure to differentiate clearly 
between growth response due to vitamin B12, or other essential 
nutrients, and that due to antibiotics (when the source of the 
antibiotic was the by-product) has led in some cases to an ex- 
aggerated concept of the antibiotic effect. 

The feeding of antibiotics has had a growth-stimulating effect 
with rations containing animal protein feeds as well as those 
composed entirely or largely of protein from vegetable source. 
The fact that the relative stimulation Is greater on an all-vege- 
table ration Indicates that the antibiotic tends to spare or reduce 
the requirement for some unidentified nutrient associated with 
antmal proteins. Actually best growth is generally obtained when 
an antibiotic (s added to a ration which contains animal protein 
and which is complete in all known respects. 

If the antibiotic supplement Is withdrawn during the period of 
greatest growth stimulation, a growth retardation usually occurs 
which largely cancels out the weight advantage obtained up to 
that time. In no case has the retardation been sufficient to re- 
sult in slower growth than the corresponding control groups 
which never received antibiotic supplementation. In broiler pro- 
duction, where weight gams are of major importance, it appears 
advisable to continue antibiotic supplementation throughout the 
growth period. 


EFFECT ON FEED EFFICIENCY. Research on the effect of 
antibiotic feeding on the efficiency of feed utilization shows that 
a small improvement in the efficiency of feed conversion (pounds 
of fe^ r^uired to produce a pound of meat) accompanies the 
powth stimulpion; as the growth stimulation disappears, the 
improvement in leed utilization likewise tends to disappear. It 
would appear, therefore, that the efficient use of antibiotics 
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covers only the period during which the actual growth stimula- 
tion is evident, and that the prolonged use of antibiotics beyond 
this period does not produce any return to the feeder. 

AMOUNT NEEDED. Levels as low as 1 to 2 grams of some 
pure antibiotics per ton of feed have produced effective growth 
stimulation, although considerably larger amounts (50 or more 
grams per ton) have no harmful effects. Lower levels of an 
antibiotic have produced as effective stimulation as higher 
levels in experiments with the four major antibiotics generally 
used (penicillin, aureomycln, terramycin, and bacitracin). In 
the main no advantage is shown by a combination of antibiotics. 
The level of use of a specific antibiotic should be in accord with 
the manufacturer's recommendations. 

OTHER EFFECTS. Besides the strictly nutritional effects, 
as e:q)ressed in increased growth, antibiotics have been shown 
to be effective in preventing such conditions a necrotic enteritis 
in swine. Hence there may also be some therapeutic value due 
to the feeding of the antibiotic. This might account for those re- 
ports which indicate lower mortality, generally better health or 
condition, greater uniformity, better feathering, and consequently 
improved performance and appearance. It might also account 
for those reports which showed greater benefit from the use of 
antibiotics under field conditions with the birds managed on the 
floor or ground as compared with birds kept on wire or in bat- 
teries under good conditions of management. Antibiotics are 
also effective in the control of specific diseases. 

HENS. Antibiotics for laying and breeding hens are generally 
ineffective, having little or no effect upon egg production, hatch- 
ability, body weight, feed consumption, egg weight, egg quality, 
sexual malurily, or mortality. 

MECHANISM OF EFFECT. Most investigators believe that 
the antibiotics exert their nutritional effect through changing the 
types and numbers of intestinal microorganisms. This might be 
accomplished by (1) suppression of inhibitory or “toxin-produc- 
ing” microorganisms, (2) stimulation of microorganisms which 
manufacture known or unidentified vitamins which can subse- 
quently be used by the host animal, (3) suppression of micro- 
organisms which compete with the host animal for certain es- 
sential food nutrients, (4) suppression of “disease level” by 
eliminating pathogenic organisms from the intestinal tract. 

Although each of these hypotheses Is plausible, no single ex- 
planation seems to serve all cases, and it is not unlikely that 
several mechanisms may operate In various situations. A part 
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of the growth-stimulating effect may be accounted for by appe- 
tite stimulation resulting In greater feed Intake. The growth- 
stimulating effect of antibiotics is most spectacular when ob- 
served under conditions which greatly retard the growth of 
animals fed the usual type of practical rations. 

In general, the levels of antibiotics used in practical poultry 
feeding are too low to have a specific effect on recognized in- 
fection, or on the intestinal microorganism population. When 
higher levels are fed, reported research indicates correlated 
changes in intestinal microorganisms; these studies, however, 
have not clearly shown whether the shifts in intestinal flora are 
responsible for any or all of the growth-stimulating effect of 
antibiotics. 


GROWTH PROMOTERS 

Grorth sHmuIallon has^also been accomplished in other ways. 
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The presence of labile methyl groups are necessary for nu- 
trition. A certain amount of shifting can take place for this pur- 
pose between choline, methionine, and betaine. 

A certain amount of substitution can take place between the 
amino acids. Cystine can in this way replace part of the methi- 
onine. 

There is also some interrelationship between the vitamins, 
enzymes, and hormones. The function of these depend upon a 
proper balance in the body. 

There exists a relationship between the requirement of the 
chick in early life and the amount of carry-over of nutrients 
from the egg. Hence, the diet of the dam influences the reaction 
of the chick. This might be considered a delayed nutritional 
effect. 

The interrelations between nutrients are particularly impor- 
tant in the case of borderline or partial deficiencies. 

Some nutritive factors will alter the microflora of the intes- 
tinal tract which will have an effect on the synthesis of nutrients 
which might have a direct effect upon the response of the bird to 
certain types of rations. 

The feeding of animals is sometimes complicated by the pres- 
ence in the ration of antimetabolUes. The avidin of raw egg al- 
bumen will tie up the biotin and hence cause biotin deficiency. 
Heat treatment to inactivate the avidin will result in a normal 
response without any other change In the ration. The deficiency 
might also be overcome by the addition of more biotin. Simi- 
larly an antithiamln factor in raw fish has been the cause of 
thiamin deficiency in fur-bearing animals. Antimetabolites have 
also been reported for some of the other vitamins. 

ENERGY 

All energy comes from the sun. Energy might be defined as 
the ability or power to do work. In feeding stuffs, it is present 
as chemical or stored energy, expressed in this way by Liberty 
Hyde Bailey: “The blazing log gives back the glow of summer 
suns of long ago.” In the formation of plant tissues, energy 
from the sun is stored in them. When the feed is consumed by 
the animal, it is broken down and the energy released. Carbo- 
hydrates and proteins are approximately equivalent in their 
energy values, producing 4 calories per gram. On the other 
hand, fats produce more energy per unit volume, the value of 
fats being 9 calories per gram. 
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A dellclency of energy” results In lower growth, poorer 
feathering, and reduced efficiency of feed utilization In chicks 
as well as poorer weight maintenance and lower egg production 
In hens. Increasing the energy content of some rations has re- 
sulted in Improvement because energy rather than any of the 
other nutrients was the limiting factor. This largely explains 
the favorable results of the “high energy” rations. 

The young chick compensates for a reduced dietary energy 
level by increasing feed consumption. Energy levels seem to be 
the major factor In controlling feed Intake. Reduction of the di- 
etary energy level is reflected in changes In the fat content of 
the carcass. Although large amounts of indigestible fibrous ma- 
terials can be Incorporated In a diet without affecting weight 
gains o! young birds, body composition Is greatly changed. Hence 
weight gains are not a satisfactory criterion In determining en- 
ergy requirements for growth. Higher energy rations are neces- 
sary for higher fat content of the carcass, which influences the 
degree of pigmentation and appearance of the skin which are 
major factors in determining market quality. 

Available energy values of feedstuffs as reported by Fraps** 
are given in Table 3. In general as the fiber of the feed increases, 
the energy value is lowered. 

Sunshine or light has many effects upon the animal body. The 
antirachitic value of the ultraviolet rays has already been re- 
ferred to in connection with vitamin D. The far-ultraviolet rays 
also are reported to have an antiseptic value. It has also been 
reported that bactericidal ultraviolet radiation” exerted a 
stimulatory effect upon egg production. The infrared rays have 
certain heal effects upon the body. The red rays of the visible 
spectrum are effective in the use of artificial illumination by 
stimulation of the pituitary gland, which in turn stimulates the 
reproductive system. 


VARIATION IN COMPOSITION OF PLANTS 
In dealing with feedstuffs, we must keep in mind the fact that 
they are mixtures of nutrients. In tact, most feeds contain all 
or most of the nutrients In varying proportions. No two feeds 
are alike in their composition. Variations will be found in the 
water content, ash, crude protems, fiber, carbohydrates, and 
fats as well as m the various mineral constituents, vitamins, 
ammo acids. The problem in compounding a ration is to 
make a combination of ingredients in such a manner that these 
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/arious nutrients and constituents are furnished in quantities to 
meet the requirements for them. It not only is important to fur- 
nish a sufficient amount of each of the constituents but, in the 
case of those which might be harmful or which are very expen- 
sive, too great an excess must also be avoided, 

RELATIONS BETWEEN PLANT AND ANIMAL TISSUES 

CHEMISTRY OF ANIMAL LIFE. The relative proportion of 
the nutrients as found in animal tissues is shown in Table 1. 

Water comprises the largest single nutrient of both the fowl and 
the egg. Protein is also an Important nutrient. Fat appears in 
fairly large quantities in the egg and in certain kinds of fowl. In 
the animal body, there is an Inverse relation between fat and 
moisture. For example, analysis Indicates a larger proportion 
of fat in the Plymouth Rock capon than in the Leghorn hen. This 
increase in fat is almost entirely at the expense of the water 
content. Carbohydrates are present in the body only in small 
amounts. They occur in the glucose of the blood and the glyco- 
gen of the liver and muscles. 

The dry matter of the body is made up largely of carbon, oxy- 
gen, hydrogen, and nitrogen. Of the mineral elements, phosphorus 
and calcium are present in largest amounts, and sulfur, potas- 
sium, chlorine, sodium, magnesium, and iron in much smaller 
quantities. 

COMPARISON OF PLANT AND ANIMAL TISSUES. There 
are a number of important differences in the composition of 
plants and animals. Poultry rations are made up largely of 
cereals and cereal by-products. A comparison, therefore of 
corn and the body of the hen will show these differences (Table 1). 

One difference between these two is that corn is relatively low 
in water, whereas the animal body is made up of a large percent- 
age of water. The body of the fowl contains more mineral matter, 

TABLE 1. COMPOSITION OF PLANT AND ANIMAL TISSUES 
Plymouth 



Corn, % 

Leghorn 
Hen, % 

Rock 
Caoon. % 


Water 

11.3 

55.8 

41.6 

73.7 

Protein 

9.3 

21.C 

19.4 

13.4 

Fat 

3.8 

17.0 

33.9 

10.5 

Carbohj-drates 

75.3 

traces 

traces 

’ I’o 

Mineral matter 

1.3 

3.8 

3.7 
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proteins, and fat. On the other hand, the corn Is composed largely 
of the carbohydrates. 

Similarly, we find differences in the make-up of the amino 
acids. The animal proteins usually contain larger amounts of 
such amino acids as lysine, arginine, tryptophan, and histidine 
than the grains. There are also differences In the mineral con- 
stituents, the greatest difference occurring tn the calcium content, 
which is high In the body of the hen and low In the grain. 

CYCLE OF LIFE. A study of the composition of the animal 
body shows the end or aim of feeding. The presence of different 
elements and compounds in the body indicate that they must be 
supplied from some source. That source is the feed which the 
animal eats. Most of this food comes from plant substances. 

The transformation and use of the food nutrients or the rela- 
t on of food nutrients and the animal products derived therefrom 
are shown In Table 2. 


In general, the nutrients found in the body of the fowl or the 

appear In the ration. A common saying Is that we must 
^ on® nutrient cannot 

♦ft uted for another. There arc, however, a few exceptions 

to this general statement. For example, carbohydrates can be 

cartohvdr«« '' substituted In part tor the 

carbohydrates. Similarly, proteins can Innctlon the same as 


fOOO NUntlENTS 
ND THE ANIMAL PRODUCTS DERIVED THEREFROM 

Kernel of Grain Chemist’s Report Body of Fowl Ecg 

Moisture Body Huldu Water 

Minerals Ash (water) 

Bones (Ca. P) shell (Ca) 
Body tissues Egg contents 

S. P) (P. s. K) 


Proteins (gluten) 


Crude protein or 
N X 6,25 


Blood (Fe) 
Muscles 
Blood 
Nerves 


Albumen 
Yolk proteins 


Carbohydrates; 
Starches, sugars 

Cellulose 

Lipids 

Vitamins 


Nitrogen-free 
extract 
Crude fiber 
Ether extract 


Feathers 

Glycogen Yolk fat 

Fat (energy) 


Fat (energy) Yolk fat 
ViUl organs Vitamins 
Enzymes 
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carbohydrates and fats in furnishing energy. However, the re- 
verse is not true, because carbohydrates and fats cannot function 
in place of the proteins. 

FEED ANALYSES 

The ordinary report of the chemist on feed analyses usually 
gives water or moisture, crude protein, fat or ether extract, 
crude fiber, mineral matter or ash, and nitrogen-free extract. 

All these are determined directly with the exception of the 
nitrogen-free extract, which is determined by difference. That 
is, the other nutrients for which direct analyses are made are 
added together and subtracted from 100. The nitrogen-free ex- 
tract represents the difference between their sum and 100 per 
cent. 

It is possible also to make other determinations in the labo- 
ratory, but they are usually not part of the routine analyses of 
feeds. Some of the vitamins can be measured chemically or 
microbiologically in the laboratory in a comparatively short 
time. Analyses can also be made for most of the mineral ele- 
ments. It is also possible to make an energy determination of 
the feed. 

In most states, a guaranteed analysis of feeding stuffs is re- 
quired by law. This analysis must accompany the feed, and usu- 
ally must include a guarantee of the minimum amount of protein 
and fat and the maximum amount of fiber. In animal protein 
^^eds, the maximum amount of phosphorus or P2O5, which rep- 
resents the amount of bone present, must also be given. For 
example, a meat scrap guaranteed to contain 50 per cent pro- 
tein, 6 per cent fat, 3 per cent fiber, and 8 per cent phosphorus 
must contain at least 50 per cent protein, at feast 6 per cent 
*at, and not more than 3 per cent fiber, or 8 per cent phosphorus. 

COMPOSITION OF FEEDS 

When formulating poultry rations, it is necessary to have In- 
ormation on the composition of feeds. In tables 3 and 4 the av- 
erage composition of feeds commonly used in poultry ratios is 
elvon. Table 5 shows the vitamin content of Ingredients com- 
monly used In poultry feeding. Tabic 6 gives the approximate 
amino acid composition of certain feedstuff proteins. 



TABLE 4. MINERAL MATTER CONTENT OF FEEDS USED IN POULTRY RATIONS 




TABLE 4 (Concluded) 
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RcprcxJuccd with the permission of The Morrison Publishing Company, Ithaca, N. Y., from Feeds and Feeding , 
2l8l. Ed., 19-18. by F. B. Morrison, Appendix. Tables I and IV. 




Fish solubles, condensed 
Hominy feed 

Linseed meal, solvent process 

Meat scraps, 55% protein 

Meal and iKino sernns, 50% protein 



TABLE 3 (Concluded) 
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Percentage of Feedstuffs 
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CHAPTER 4 


measuring the value of feeds 

In order to be of use to the animal, the feed which is eaten 
must be digested, absorbed Into the body proper, and then made 
use of by the body. 


DIGESTION 

PHYSIOLOGY OF THE DIGESTIVE TRACT 
OR ALIMENTARY CANAL 

The alimentary canal Is a long tube passing Irom the mouth to 
the vent, with certain enlargements for the storage of food and 
waste. The digestive tract of the fowl Is composed ol the follow- 
ing parts (Fig. 15). 

MOUTH. The mouth is the first part of the digestive tract. 

It is the place where the food enters. A distinctive character of 
the mouth of the bird Is the absence of lips and teeth. 

ESOPHAGUS OR GULLET AND CROP. Upon leaving the 
mouth, the feed is forced into the gullet by the tongue. The gullet 
itself serves only as a passage for the food. However, immedi- 
ately before entering the body cavity, the esophagus enlarges to 
form a pouch, called the crop. The crop functions as a storage 
place for feed. Hard material, like grain, might remain in the 
crop for 12 hours or more. While in the crop the food becomes 
softened. 

PROVENTRICULUS. The proventriculus is the secretory 
part of the hen’s stomach. It is called the glandular stomach be- 
cause its thickened walls contain the gastric glands, which se- 
crete the gastric juice. The feed is not kept in the proventriculus 
for any length of time, but the gastric juice is secreted and mixed 
with the feed as it passes through it 

GIZZARD. The second part of the hen's stomach is the giz- 
zard. The gizzard is oval, with two openings on vts upper side, 
one connecting with the proventriculus and the other with the 
small intestine. The gizzard is made up ot two thick, red, pow- 
erful muscles covered internally with a thick horny epithelium. 
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f^'9* 15. Cross secfion of o laying pullet showing rhe digestive tract. 
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The function of the gizzard Is to grind the food. The grinding 
action Is aided by the presence of grit in the gizzard. 

SMALL INTESTINE. From the gizzard, the feed, which has 
been thoroughly ground and partially digested, passes into the 
small intestine. The upper portion of the small intestine, which 
forms a U-shaped loop, is taown as the duodenum. Most of the 
gastric digestion takes place in the duodenum. Further digestion 
of the feed and absorption of the nutrients take place in the lower 
intestines. 

CECA. At the juncture of the small and large intestines are 
two blind pouches, called the ceca. They are usually 4 to 6 inches 
long and are more or less completely filled with fecal matter. It 
is believed that some bacterial digestion of fiber occurs in the 
ceca. Some absorption also takes place here. 

LARGE INTESTINE OR RECTUM. The large Intestine In 
fowls is relatively short. Its chief function seems to be to ab- 
sorb moisture from the intestinal content. 

CLOACA. The alimenUry canal is terminated by the cloaca, 
a chamber common to the digestive and the genito-urinary Bys> 
terns. The cloaca opens externally at the anus. 

ORGANS ASSOCIATED WITH THE ALIMENTARY CANAL. 

The liver is a bllobed organ, brown tn color, which elaborates 
the bile. The bile functions In the digestion of fat. Bile is stored 
in the gall bladder and Is emptied through the bile ducts into the 
distal lobe of the duodenum. 

The pancreas is a long flesh-colored organ lying In the loop of 
the duodenum. It secretes the pancreatic juice, which contains 
ferments that act upon the proteins, carbohydrates, and fats. 

THE DIGESTIVE PROCESS 

Digestion includes all those physical and chemical processes 
by means of which the ingested food is broken down and rendered 
soluble, ready for absorption into the body proper It includes 
such physical processes as swallowing, peristalsis, and the 
grinding action of the gizzard, as well as such chemical processes 
as the solvent action of water, the action of various ferments or 
enzymes, and the action of bacteria, 

Dipstion of feed is usually not complete. The part of the feed 
that has not been digested is excreted in the feces. 
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THE DIGESTIVE JUICES 

The action of the ferments or enzymes constitute the most 
important part of digestion. The digestive juices are fluids, ex- 
creted from the walls of the digestive tract or associated organs 
and containing water, enzymes, and other products necessary 
for rendering the foods soluble. 

THE SALIVA. Saliva is not an important digestive juice for 
the hen because it is secreted in very small quantities. It con- 
tains ptyalin, which converts some of the starch to maltose. The 
saliva also helps to moisten the food. 

THE GASTRIC JUICE. The gastric juice is composed of wa- 
ter, hydrochloric acid, and enzymes, such as pepsin and rennln. 

It is acid in reaction and functions mainly in breaking down pro- 
teins. 

THE INTESTINAL JUICES. The intestinal juices are com- 
posed of water, bile, pancreatic juice, and the Intestinal juice. 

The bile emulsifies and helps digest the fat. The pancreatic 
juice contains the enzyme trypsin, acting upon proteins, amylop- 
sln, acting upon starch, and steapsin, acting upon fat. The in- 
testinal juice contains erepsln, which breaks down proteins, and 
Invertases, which act upon the sugars. 

THE DIGESTION OF FOOD COMPOUNDS 

CARBOHYDRATES. The carbohydrates must be converted to 
single sugars before they can be absorbed by the animal body. 

The ptyalin of the saliva and the amylopsln of the pancreatic 
juice act upon starch, changing it to dextrin and then to maltose. 
The invertases of the Intestinal juice act upon the maltose and 
similar sugars, changing them to the single or glucose-like 
sugars. 

Fiber is digested only to a small extent in poultry. The break- 
down of fiber is thought to be accomplished by means of bacterial 
fermentation, which takes place chiefly in the ceca. 

PROTEINS. Proteins must be converted to amino acids be- 
fore they can be absorbed by the animal body. In this process a 
number of cleavage products are produced. Primary protein 
derivatives, which are insoluble, are mostly metaproteins and 
coagulated proteins. The secondary protein derivatives are 
soluble and are composed chiefly of proteoses, peptones, and 
peptides. 

The enzymes of the gastric Juice act upon the proteins, chang- 
ing them to metaprolelns, proteoses, peptones, and peptides. 
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The trypsin of the pancreatic juice acts in the same way as the 
gastric juice, except that peptones and peptides are further par- 
tially hydrolyzed to amino acids. The digestion of the protein is 
completed by the erepsln of Ihe Intestinal juice, which converts 
the proteoses, peptones, and peptides to amino acids. 

FATS. The fats must be converted to fatty acids and glycerol 
in order to be absorbed by the body. The bile, which contains 
alkaline salt, saponifies, emulsifies, and dissolves the fats and 
fatty acids. The steapsin of the pancreatic juice can then con- 
vert the fat to fatty acids and glycerol. 

SUMMARY OF THE DIGESTION OF ORGANIC NUTRIENTS. 
The digestion of feed as it passes through the digestive tract is 
summarized in Table 7. 

TABLE 7. DIGESTION OF THE ORGANIC NUTRIENTS 

Substance Products 


Region 

Secretion 

Enzyme 

Affected 

Formed 

&Iouth 

Saliva 

Ptyalin 

Starch 

Maltose* 

Proventriculus 

Gastric 
Juice and 
. HCl 

Pepsin 

Protein 

Intermediate* 

N products 


Pancreatic 

Amylopsin 

Starch 

Maltose* 

Small intestine j 

juice 

Steapsin 

Fat 

Fatty acids 
and glycerolt 



Trjpsin 

Protein and 
intermediate 
N products 

Amino acidst 


Isteatioal 

Juice 

ErepsJn 

Invertases 

Intermediate 
N products 
Sugars* 

Amino actdsf 

Single sugarst 


* Intermediate products, 
t Final or absorption products. 


COMPARISON OF DIGESTION IN DIFFERENT ANIMALS 
DIFFERENCES IN STRUCTDRE. The viscera in poultry are 
less complex than in mammals. This is especially true ol the 
genllo-urinary organs. In poullry, the nrme is not stored in a 
bladder, but is poured into the cloaca, where it comes in contact 
with me feces. The urine is excreted in the form of uric acid, 
which appears as whitish crystals In mammals, the urine is 
excreted as soluble urea. 

An outstanding feature ol the fowl is the relative shortness of 
the large intestine. The ratio of the large to the small intestines 
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is about 1 to 30. For the farger farm animals this ratio is about 
1 to 3 or 4, 

The general structure of the digestive tract of the fowl sug- 
gests rapid digestion. The shortness of the tract is a carnivor- 
ous characteristic, whereas the nature of the diet and the thor- 
ough grinding of feed in the gizzard are herbivorous charac- 
teristics. 

The stomach of the hen is composed of two parts as compared 
with a single stomach for the horse and the pig, and a stomach 
with four divisions for the ruminant. 

Fowls secrete very little saliva and the concentration of pty- 
alin is very low. In ruminants, the amount of saliva secreted is 
large and the concentration of ptyalin is not great. In swine, 
Baliva secretion is fairly large and the concentration of ptyalin 
is also appreciable. 

differences in DIGESTION OF NUTRIENTS. The digesti- 
bility of the different nutrients varies with the different farm 
animals. ‘ This is illustrated in Table 8. 


TABLE 8, ORDER OF EFFICIENCY OF DIGESTION 
OF THE NUTRIENTS BY VARIOUS ANIMALS 


Ruminant 

Horses 

Rabbita 

Swine 

Hens 


Nitrogen-Free 

Protein Ether Extract Extract Crude Fiber 


The nutrient which is digested to the greatest extent by poul- 
ry is the nitrogen-free extract. Next in order of digestibility 
protein, and fiber. 

Fiber is digested to a considerable extent by the other farm 
animals. In ruminants, this takes place in the rumen, in the 
and swine, in the large intestine. Poultry digests fiber 
only to a very limited extent, and digestion Is thought to occur 
n the ceca. The amount of fiber digested varies with different 
^•^8. Many show no digestion of fiber at all, and in any feed it 
rarely goes over 15 per cent. A larger percentage of the fiber 
° thln-husked varieties of oats is digested than of oats with 
Iblck hulls. 

The digestion of fats also varies with different feeds. The fat 
corn seems to be much more digestible than the fat of oats 
or barley or wheat. 
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Organic matter low in fiber is digested to nearly the same 
extent In all animals.* However, with an increase in crude fiber 
the digestion coefficient of the organic matter decreases recti- 
liniarly for all animals. The unit decrease, however, is greatest 
for hens and swine and least for ruminants, so that with a feed 
containing 35 per cent of fiber, ruminants would digest about 60 
per cent of the organic matter, whereas hens would digest 20-25 
per cent. With feeds containing very little fiber the different 
species of animals would all digest approximately 90 per cent of 
the organic matter. For the best digestibility of organic matter, 
the feed for hens should not exceed S per cent of fiber. 

The digestibility of feed does not seem to be affected to any 
extent by grinding. Cooking increases the digestibility of some 
of the nutrients, particularly starch. The digestibility of pro- 
teins decreases with feeds of low protein content. 

TIME REQUIRED FOR FOOD TO PASS THROUGH THE IN- 


TESTINAL TRACT. The time required for food to pass through 
the intestinal tract depends upon the type of feed and the condi- 
tion of the bird. The North Carolina and California experiment 
stations* report that it took approximately 4 hours for feed to 
pass through the Intestinal tract of laying hens and growing fowl. 
For nonlaying hens, this time was extended to 8 hours,and, for 
broody hens, to approximately 12 hours. 

The first appearance of any soft foods In the feces has been 
reported to be 2 to 3 hours aher ingestion; for the appearance 
of grains, this time is extended to to 31/2 hours. 

As already indicated, feed is stored in the crop of the bird. 

The lime required for the feed to leave the crop will depend upon 
the type and condition of the feed. The disappearance of grains 
from the crops of hens is similar for the various types of gram, 
except that oats are retained in the crop longer than corn and 
wheat. Whole corn remains In the crop longer than cracked corn, 
which in turn Is retained longer than corn meal. Boiled oats are 
not retained in the crop as long as dry oats. Wet mash passes 
from the crop more rapidly than a dry mixed mash. Experiments 
at Cornell indicated that approximately the followmg percent- 
ages of a given grain intake were present in the crop: 

Per Cent 


After 4 hours 70-80 

After 8 hours 52-65 

After 12 hours 35-45 

After 16 hours 25-35 

After 20 hours 10-20 

After 24 hoars 0-10 
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Results from Germany'* indicated that it took 50 to 70 hours 
entirely to clear the digestive tract of corn, 102 hours for wheat, 
and 120 hours for barley and oats. 


ASSIMILATION 

Absorption of the food material takes place largely in the 
small intestine. Some absorption occurs in the large intestine 
and in the ceca. In order to be absorbed, the feed must be in a 
liquid form. 

The food nutrients are absorbed through the epithelium of the 
digestive tract by a process similar to osmosis. The glucose- 
like sugars, the amino acids, and the mineral matter enter di- 
rectly into the blood system. The fatty acids and glycerol enter 
the lymphatic system, which later combines with the blood sys- 
tem. 


METABOLISM 

Metabolism consists of all those chemical changes which food 
nutrients undergo from the time they are absorbed Into the body 
proper until they appear as excretory products. Metabolism In- 
cludes the distribution of the absorbed food, the building of body 
tissues, the breaking down of body tissues, and the absorption 
or release of energy. The building of body tissues is a synthetic 
process called anabolism. The breaking down of body tissues is 
an oxidative process called catabolism. 

distribution of food nutrients. The end products of 
fat digestion, namely, soaps, organic acids, and glycerol, are 
taken Into the epithelial cells, which reconvert them Into fat. 

The fat then passes through the lacteals into the lymphatic ves- 
sels, then into the veins and arteries to the capillaries, the 
ymph spaces, and then to the body cells. 

The glucose-like sugars, after passing through the epithelium, 
up by the capillaries, transported to the veins, and to 
he liver, where they might be converted into glycogen. The 
E ycogen is reconverted to glucose, which is carried by the veins 
0 the arteries, then to the capillaries, the lymph spaces, and to 
® cells, where it is utilized or where It might be converted and 
stored as glycogen. 

The amino acids and mineral matter are taken up by the capil- 
aries, transported to the veins, then to the liver, then through 
. ® and arteries to the capillaries, the lymph spaces, and 
fl'fi cells, where they are used. 
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ANABOLISM. The building up processes, involving glucose, 
consist of its conversion to glycogen or to fats or, with the ad- 
dilion of ammonia, lo ammo acids. The amino acids are con- 
verted to proteins, or, if deaminiaed, to glucose or tats. The 

“"''drted cither to fat or to glucose. 
CATABOLISM, The brcakmg-down process of glycogen In- 
wafp^r^ * ^th Elucose and then to carbon dioxide and 

Uicn “averted to glucose and 

Promts a re ‘I’d Of energy. 

dioxide a„d“ aTe" wdh .Ifrll^^^foreS^gr 

In the for ™vSlor'’°a°’' 
monia. and. in mme 

The remainder of the body'iSmeri ' ‘'"'“"S*’ •'’d 

remainder oemprises rn^mmeSs andT''"" 

SOME CONDITIONS AFFECTmr 
constitutes a storage chlellv of nrS Growth 

In the body. In lattlnlngl laHy Itssne U 
In production builds up eggs from mV , energy. A hen 

from the feed. SometimeVLrtd I'lV T’’ ' derived 

In that case, the bird loses weight tV'V p®"* ‘'"® Pt^pose, 
first use the available glycogen for 

and finally. If necesBarv m. . '"'fEy, then the body fat. 

WITH MAMMALS. In mammai^^lK^ BIRDS COMPARED 
be collected separately In h..v^*’ !v excreted and can 

the feces. uric acid is excreted with 

Uric acid, a highly insoluhii. 

nitrogenous metabolism in product of 

of the uric acid takes placp ,« believed that the synthesis 

relatively small amount of wate/ ^ 

In mammals, the urea is a evaporates quickly, 

mallan urine contains a larcp al soluble compound. The maro- 
salts as chlorides, sulphates ^^ter and is rich in such 

s um. The uric acid of birds' mm ? ®®Pbates of lime and magne- 

-Ms. Which in their case or none of the mm- 

'“Wed into the intestines 
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minations o! poultry feeds, -when dried liver v/as given a value 
of 100. dried skimmilk rated 20 and alfalfa meal 10. This meant 
that dried skimmilk contained Vs the amount of riboflavin which 
the dried liver had, and alfalfa meal contained Vio that of dried 
liver or 1/2 the amount found in dried skimmilk. 

CARBON BALANCE. This measure requires the use of a 
respiration apparatus. In it are measured the nitrogen and car- 
bon intake of the feed and the nitrogen and carbon outgo, as rep- 
resented in the feces, urine, carbon dioxide, methane, and the 
like. From the difference, which represents the gains by the 
animal, the amount of protein and fat stored in the body can be 
calculated. 

ENERGY BALANCE. In getting the energy balance of a feed 
a respiration calorimeter must be used. The intake of calories 
in the feed is compared with the outgo of calories as represented 
in the feces, urine, methane, and other waste products. The dif- 
ference represents the calories stored by the animal. 

MINERAL BALANCE. A comparison can be made of the 
amount of any of the mineral elements ingested, as compared 
with the amount of the minerals excreted. If the intake is greater 
than the outgo, some of the mineral is being stored in the body 
and the animal Is said to be in a positive mmeral balance. If the 
reverse is true, the animal is said to be in a negative mineral 
balance. 

FAT BALANCE. Similarly, a feed or combination of feeds 
may keep the bird in a positive or negative fat balance. In this 
case the carbohydrates of the feed must also be taken into con- 
sideration. 

DETERMINING REQUIREMENTS FOR FOOD 

The object of determining the requirements for food is to es- 
tablish standards by which we can feed our animals for specific 
purposes. Determining the requirements for food, or for the 
various nutrients, must be done by means of biological analyses, 
that is, by actual feeding trials. A number of different methods 
have been used for doing this. 

OBSERVATION AND EXPERIENCE. This might be called a 
trial and error method. Frequently it is an extremely costly 
method because there are likely to be many mistakes and fail- 
ures and often misinterpretation By observation, it is possible 
to know whether or not we are getting maintenance of the indi- 
VI ual, production, or reproduction which are satisfactory. This 
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method frequently causes waste of food by providing rations in 
which the food nutrients are present in wrong proportions. It 
does not get at fundamentals. In the long run results may fre- 
quently be fairly satisfactory. A conspicuous example of this is 
the knowledge which we have secured in the feeding of horses. 

COMPARATIVE FEEDING TRIALS. Most of the early feed- 
ing experiments were of this nature. For example, in comparing 
the feeding value of corn, wheat, and oats for hens, we might 
have fed these grains ad libitum and noted the results in gain or 
loss and production. Or the value of proteins might have been 
compared by supplying proteins in different forms, such as meat 
scrap, fish meal, and dried milk. Many of the comparative feed- 
ing trials were not very accurate because there were too many 
variables and because the nutrients must be fed below the mini- 
mum amount necessary in order to get a measure of compara- 
tive values. 

REFINED FEEDING EXPERIMENTS. These represent more 
nearly controlled feeding trials. In order to get an accurate 
measure, either purified diets or diets of known values are used. 
In qualitative feeding experiments, additions of known nutrients, 
singly and in various combinations, are then made to the basal 
ration; In this way the nutrient deficiencies of a feed or ration 
can be determined. In quantitative experiments, the ration must 
be complete in every known respect, except the nutrient under 
test. The nutrient then must be fed in amounts both below and 
above the requirement in order to measure the exact amount that 
is essential. 

SOME ESSENTIAL PROVISIONS FOR CONDUCTING AND 

interpreting experiments in poultry nutrition 

In planning experiments in poultry nutrition, the aim should be 
to establish fundamental principles. In conducting experiments 
to do this, some essential provisions must be met. These same 
provisions can be kept in mind as a guide in passing judgment 
On the value of experimental work. 

PROPER EXPERIMENTAL SETUP. An experiment should 
eliminate all variables, except the one under study. All other 
known requirements should be adequately met. The slock used 
should be obtained from the same breed, strain, and source. 
Parent stock should be fed and managed uniformly. The birds 
in an experiment should be distributed evenly In respect to such 
factors as size, age, sexual maturity, inheritance, previous egg 
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production, condition, and health. Chicks hatched in different 
incubators should also be distributed evenly. 

The basal ration should consist of as few ingredients as pos- 
sible. Only ingredients of known feeding value should be used. 
Whenever possible, enough of the basal ration should be pre- 
pared in adv-ance to last for the entire experiment, except where 
there is the possibility of nutrient deterioration. The basal ra- 
tion, when properly supplemented with the variable factors, 
should produce normal growth, production, or reproduction. A 
routine chemical analysis should be made of all basal rations 
and supplements. Analyses should be made also of any other 
nutritive factors, whenever these are involved in the experiment. 
In order to obtain proportionate consumption of every ingredient 
of the ration, it should be given in the form of a single finely 
ground mixture, except where the mechanical condition of the 
feed is the factor under study. It Is desirable to give fresh feed 
in such quantities that the birds will consume nearly all of It 
before the next feeding. The time of feeding should be as regu- 
lar as possible. 

In conducting an investigation which involves several succes- 
sive experiments it is essential that all conditions in each ex- 
periment be similar. This applies particularly to such environ- 
mental conditions as length of day, housing, temperature, and 
the like. The experimental period must be of sufficient length 
to make it possible to draw accurate conclusions from the re- 
sults obtained. Experiments should be conducted as long as there 
is any possibility ol obtaining signilicant differences. 

PROPER RECORDS. It is always wise to weigh the feed 
weekly to obtain records of feed consumption, and it is neces- 
sary where conclusions are to be based upon food mtake The 
cause of all mortality should be determined Trapnesting is de- 
sirable for all egg production studies. 

All birds should be Identified in some manner and weighed in- 
dividually at frequent intervals. Indiviaual or replicate records 
are necessary in order to apply biometrical methods of analysis 
to the growth results. 


All pertinent physiological, histological, and physical studies 
should be applied to the experiment 
INTERPRETATION OF DATA Unless sexed chicks are used, 
groa results with chicks should be weighted for sex influ- 
fn Should be representative 

In ap, size, sex. and expenmenul conditions 

Biometrical methods of analysis should be applied to all re- 
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suits, whenever possible, to determine if differences obtained 
are significant. Final conclusions should be based on as many 
methods of measurement as can be applied, in order to avoid 
wrong interpretation of results and to make them conclusive. 
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CHAPTER 5 


POULTRY FEEDS— CEREALS. SEEDS. 
AND OTHER MASH INGREDIENTS 


The grain and mash mixtures constitute the bulk of the feed 
consumed by poultry. The mixtures must possess certain de- 
sirable characteristics, vhich in turn are influenced by the na- 
ture of the ingredients used. In order to encourage sufficient 
food consumption, the feeds must be palatable. It does not hold, 
however, that because a single feed is not entirely palaUble, it 
must be avoided altogether. It may possess other qualities which 
render it especially valuable, in which case small amounts could 
be used, particularly when mixed with ingredients that are ex- 
tremely palaUble. It is the nature of the feed as a whole that is 
Important. 


The must be ol a proper mechanical condlllon as regards 
slie and harness of particle, built, and consistency when milted 
with w^ter. The grains should not be too large or too hard. The 
fhouM ''fl* concentrated. They 

"fc should they be 
'1' ground evenly and be uniform 

wasmge by tlieSrs 


USE OF GROUND FEEDS IN POULTRY RATIONS 

of the energy reuulVcd to “ C"Mher way, saves some 

we consider Ihe^Icedlng ‘■'“c when 

pared with an entire mash ratio" n™ro?to‘'’t 
ground feed, as comnared to ti,. iT f d' “te teed is given as 
larger amount of fciS^ This Is im^'r “ 

that our results In growth and o^ o ‘d 

secipllun. Another ^r^„~-"letr?oriiu^^^^^^^ 
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by-products that have excellent feeding value and that are com- 
paratively cheap in cost. It provides a convenient way to feed 
animal protein by using meat, milk, or fish products as mash 
ingredients. Sometimes it is stated that the feeding of all mash 
makes it easy to balance the ration. This statement is true if we 
consider the effect on the nutritive ratio when we use different 
proportions of grain and mash. 

USE OF GRAINS IN POULTRY RATIONS 

In the United States corn is the leading grain fed to poultry. 

This is true of all parts of the country except in the Western 
States where wheat is more important. Oats are almost as popu- 
lar as wheat and are most important in the North Central States. 
Barley is important only in the Western States. Sorghum grains 
are important only in about a half dozen states where they are 
grown. 

In making up rations for poultry, it Is advisable to use largely 
the grains that are low in fiber, such as corn and wheat. It has 
been shown by the South Dakota Station^ that fiber grains alone, 
such as barley, oats, buckwheat, and emmer, gave poor produc- 
tion and unsatisfactory results, whereas corn and wheat added 
to the ration gave decidedly better results. Small variations in 
the rapidity of growth, production, and hatchability were noted 
when feeding low- and high-test weight corn, wheat, and barley. 
The amounts of the fiber grains used will depend somewhat upon 
the fiber content of the ration. In the scratch grain, palatability 
must also be considered. Probably not more than Va of the 
scratch grain should consist of high-fiber grains. 

The various grains differ in their value for poultry feeding. If 
used singly in large amounts, the results will be influenced by 
the nature of the grain. E^qieriments at the Iowa Agricultural 
Experimental Station^ showed that rations consisting largely of 
ground oats are more satisfactory for chicks than rations con- 
taining large amounts of barley, wheat, or corn. The Indiana 
Station’ reported little difference in rate of growth and feed ef- 
ficiency of chicks which received rations containing about 40 per 
cent of corn, wheat, or half corn and oats. 

Harshaw^ has shown that the different cereals have varying 
effects upon the composition of the birds, as represented by the 
total edible portion and fat content of the edible portions. Corn 
showed a tendency to deposit more fat than oats, wheat, or barley, 
ie suggests that a mixture of two or more cereals is desirable 
in leedlng poultry for market. 
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The various grains differ also in their relative value. Experi- 
ments with laying hens, reported from Germany, group the four 
cereals in the following order with regard to their general utility 
— wheat, oats, rye, barley. 

From a review of published data, Crampton indicates that the 
cereals may be rated in the following order. For growth: oat 
groats, barley, maize, wheat, rye; for laying and breeding: 
maize, barley, wheat, oats, rye; for fattening: maize, barley, 
wheat, oats. Vilien the ration is scientifically balanced, the dif- 
ferences between barley, maize, and wheat are very small and 
likely to be masked in many cases by differences in the quality 
of different samples of grains. ^ 

Comparing digestible nutrients present in feed grains, Biely 
gives the following ratings: corn, 100%; wheat, 95.5%; rye, 
94.0%; barley, 87.5%; and oats, 84.3%. 

It is possible to use a large proportion of a single grain. The 
Wyoming Station* reported that pullets laid equally well and 
maintained normal health on mash and grain rations containing 
65 to 70 per cent of a single cereal grain. The Indiana Station 
concluded that either wheat or corn was satisfactory with a masn 
made up of ground wheat, ground oats, meat scrap, and alfalfa 
leaf meal. The Wisconsin Station'** obtained severe feather pick- 
ing when yellow corn was fed as the only grain. Satisfactory 
growth may be obtained with rations consisting of either com or 
wheat." 

The results have usually been improved where a variety of 
grains have been fed Corn, wheat, and oats, as grains, have 
been reported better than corn alone by the Ohio" and Kentucky" 
stations. The Missouri Station** obtained an increase in egg pro- 
duction when the percentage of wheat products was increased up 
to the point «here the ratio between corn and wheat was equal. 
Experiments at Cornell** demonstrated that a laying ration, 
made up largely of a combination of wheat and corn, gave better 
results than rations composed largely of either grain alone. 
Better results were secured at the Oklahoma Station*® where 
three grains were fed in the scratch mixture than where it was 
restricted to one. 


COMMONLY USED POULTRY FEEDS* 

A large variety of feeds are used in poultry rations The ones 
used most commonly are discussed herewith. 


* Definiiions used here, and inclosed In quotation marks 
gi\en In the Official Publication of the Association of Amei 
control Officials. Incorporated. 1954 


are those 
can Feed 
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ALFALFA PRODUCTS. * * Alfalfa Meal is the product obtained 
by grinding alfalfa hay which is reasonably free of other crop 
plants, weeds, and mold. It must contain not more than 33 per 
cent of crude fibre.” 

*‘ Alfalfa Leaf Meal is the ground product consisting chiefly of 
alfalfa leaves. It must be reasonably free of other crop plants 
and weeds and shall contain not less than 20 per cent crude pro- 
tein and not more than 18 per cent of crude fibre.” 

The word “dehydrated” may precede the definition of alfalfa 
products, provided the product has been artificially dried. 

Where alfalfa products are used in the mash, it is desirable 
to use the leaf meal or a screened product in order to reduce on 
the fiber. It will be noticed that the leaf meal, at its best, is high 
in this respect. Alfalfa meal*’ has been used widely in poultry 
rations and has shown benefits because it contains valuable nu- 
trients. It is included primarily for its vitamin A and vitamin K 
values. It may also contribute appreciable amounts of the water- 
soluble vitamins. It is not palatable and consequently large 
amounts should not be used. The requirements for the nutrients 
can bo met with amounts not over 5 per cent. There is no par- 
ticular advantage in feeding larger amounts. On the other hand, 
the feeding of alfalfa meal has certain limitations. There may 
be some disadvantages such as the effect on the color of egg 
yolks and the increase in fiber and bulk which might affect growth 
and production. 

Some experiments have reported a depression*" in the grownh 
of chicks due to a factor in alfalfa meat. Most of the reports in- 
dicate no depressed growth until more than 5 per cent is fed and 
usually much higher levels arc necessary. On the other hand, 
higher levels frequently have not shown depression. The factor 
is believed to bo a saponin which has hemolytic (l.e., red-bJood- 
ccU-dlBSolvlnp) properties. This action Is counteracted by 
cholesterol and other sterols. 

Alfalfa meal Is usually limited to 5 per cent in chick rations. 
WlJh pood dehydrated alfalfa the nutrUi\’e requirements for vita- 
mins A and K can be met by including much Ic.ss than 5 per cent 
in the ration. Mature chickens can tolerate much higher levels. 

In some cases as much as 10 per cent being fed. Turkcy.s ap- 
parently can efficiently utilize greater amounts than chickens.''* 
Unfavorable results, whether caused by any specific harmful 
fraction, by fncrea.slng fiber and decreasing energy, or by the 
action of some other factors such as palaiabilUy, ha\c hern rc- 
P<irtrd only with the higher le\cls of alfalfa. In many instances 
considerably alxne the commonly recommended maximum levels 
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BARLEY AND ITS PRODUCTS. Barley is used in poultry 
grain mixtures. It is not quite so palatable as wheat nor does it 
contain quite the desirable characteristics that wheat does. Ex- 
cept for its higher fiber, it compares very favorably with wheat 
in its composition. 

“Rolled or Crimped Barley is heavy barley that has been 
roUedTTdeiired thickness after tempering so as not to crumble. 
It shall contain not less than 90 per cent pure barley and not 
more than 10 per cent weed seeds or other foreign materials 
and not more than 6 per cent crude fiber.” 

“Ground Barley is the entire product obtained by grinding 
clean sowd barley, containing not less than 90 per cent of pure 
barley and not more than 10 per cent of other grains, weed seeds, 
and other foreign material and not more than 6 per cent of crude 
fibre; provided that no portion of this stated 10 per cent of other 
grains, weed seeds, or foreign material shall be intentionally 
added.’ ’ 

Barley and ground barley are used quite extensively in regions 
where barley is grown. Ordinarily, ground oats and ground bar- 
ley are used more or less interchangeably. Their compositions 
are comparable, except that barley contains much less fiber than 
ground oats. Ground barley should be line ground when included 
in the mash. 

Good results have been reported for barley* as a principal 
ingredient in poultry rations. Because of its low vitamin A value, 
when barley is used in place of corn, the ration must make spe- 
cial provision for this deficiency, usually by a liberal supply of 
alfalfa leaf meal or green food. 

“ Barley Fe^ is the entire by-product resulting from the 
manufacture~of pearl barley from clean barley ” Since the pearl 
barley Is made up of most of the kernel, the feed consists of the 
outer portions of the grain. It contains too much fiber to be of 
value as a poultry feed. 

“ Barley Mixed Feed is the entire offal from the milling of 
barley flour from clean barley and is composed of barley hulls 
and barley middlings.” It is also too bulky for poultry rations. 

“ Barley Hulls is the product consisting of the outer coverings 
of the barley.” They are of htlle value for poultry. 

BREWERS’ PRODUCTS. “ Matt Sprouts is the product ob- 
tained by the removal of the sprouts from malted barley together 
with the malt hulls, other parts of malt, and foreign material un- 
avoidably present. It shall contam not less than 24 per cent of 
pro em. he term ‘Malt Sprouts’ when applied to a correspond- 
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ing portion of other malted cereals shall be used in qualified 
form, as for example: ‘Rye Malt Sprouts,’ ‘Wheat Malt 
Sprouts,’ etc.” They are a light, bulky feed, only moderately 
palatable, and would lighten the mash much the same as wheat 
bran. 

“ Brewers * Dried Grains is the dried extracted residue of 
barley malt alone or in mixture with other cereal grain or 
grain products resulting from the manufacture of wort.” 

They are composed largely of barley. They are high in pro- 
tein and fat but are rather shucky and contain considerable 
fiber. 

DISTILLERS’ PRODUCTS. “ Corn Distillers ’ Dried Grains 
arc obtained in manufacturing distilled liquors and alcohol 
from corn, or from a grain mixture in which corn predomi- 
nates, by drying that portion of the whole stillage retained by 
screens.” 

** Ryo Distillers * Dried Grains is the product obtain in the 
manufacture of distilled liquors and alcohol from rye, or from 
a grain mixture in which rye predominates, by drying that por- 
tion of the whole stillage retained by screens.” 

"Wheat Distillers ’ Dried Grains is the product obtained in the 
manufacture of distilled liquors and alcohol from wheat, or from 
a grain mixture in wlilch wheat predominates, by drying that 
portion of the whole stillage retained by screens.” 

“ Grain Sorghum Distillers * Dried Grains is the product ob- 
tained in the manufacture of distilled liquors and alcohol from 
grain sorghum, or from a grain mixture in which grain sorghum 
predominates, by drying that portion of the whole stillage re- 
tained by screens.” 

The distillers’ dried grains arc fairly high in protein and fat 
like the brewers' dried grains, arc chaffy. 

“Corn Distillers * Dried Solubles is the product obtained in the 
manufacture of distilled liquors and alcohol from corn, or from 
^ grain mixture in which corn predominates, by condensing and 
”0’lng ihe screened stillage obtained therefrom.” 

DistlUors ’ Dried Solubles is the product obtained in the 
manufacture of distilled liquors and alcohol from rye. or from a 
g*‘aln mixture in which rye predominates, by condensing and 
*'ying the screened stillage obtained therefrom.” 

“ fflical Distillers * Dried Solubles is the product obtained in 
manufacture of dislillod liquors and alcohol from wheat, or 
rom a grain mixture tn which wheat predominates, by condens- 
”g and drying the screened stillage obtained therefrom.” 
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“Grain Sorghum DistiUers * Dried Solubles Is the product ob- 
talned in the manufacture of distilled liquors and alcohol from 
grain sorghum, or from a grain mixture in which grain sorghum 
predominates, by condensing and drying the screened stillage 
obtained therefrom.” 

“ Grain Sorghum Distillers * Dried Grains with Solubles is the 
producl^btained in the manufacture of distilled liquors and al- 
cohol from grain sorghum, or from a grain mixture In which 
grain sorghum predominates, by drying that portion of the whole 
stillage retained by screens to which condensed screened still- 
age has been added so that the final product contains not less 
than 3/4 of the solids content of the whole stillage.” 

“Corn Distillers * Dried Grains with Solubles Is the product 
obtained in the manufacture of distilled liquors and alcohol from 
corn, or from a grain mixture In which corn predominates, by 
drying that portion of the whole stillage retained by screens to 
which condensed screened stillage has been added so that the 
final product contains not less than 3/, of the solids content of 
the whole stillage.” 

“ Rye Dlsttllers * Dried Grains with Solubles is the product ob- 
tained in the manufacture of distilled liquors and alcohol from 
rye, or from a grain mixture in which rye predominates, by 
drying that portion of the whole stillage retained by screens to 
which condensed screened stillage has been added so that the 
final product contains not less than Va of the solids content of 
the whole stillage.” 

“ W’heat Distillers * Dried Crains with Solubles is the product 
obtained in the manufacture of distillid liquors and alcohol from 
wheat, or from a grain mixture in which wheat predominates, by 
drying that portion of the whole stillage retained by screens to 
which condensed screened stillage has been added so that the 
final product contains not less than 3/, ol the solids content of 
the whole stillaEe.” 


^°"^g"sed Solubles is the product ob- 
thl condensmg to a syrupy consistency the residue from 

COM by 

bv'dTsSr? SiSiliHS’ Peed Solubles is Ihe product obtained 
aneXM tbeiJIiTta-mentalion ol molasses 

nf. n T°'“‘ “‘“'■d' dy distillalion.” 

bles have ^L" '“PdeuiUy the dried dislillers’ solu- 

b es have increased in importance in poultry rations They fur- 
protein, many ol the viUmui B-coraplex lactors, and pos- 
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slbly some unidentified factors. They have been shown to be 
satisfactory for growth, feed efficiency, and feather development, 
as well as for egg production and hatchability.^^ 

Most of the experiments Included 5 to 10 per cent of the dis- 
tillers’ dried solubles, although in some instances higher quan- 
tities have been fed. When distillers’ dried grains with solubles 
were fed, a larger amount was used, usually 10 to 20 per cent 
of the ration. 

In the feeding of distillery slop to chicks, the workers at the 
Kentucky Station®* found that thin distillery slop proved imsatis- 
factory as a supplement to an all-mash ration but with thick dis- 
tillery slop, containing 8.5 to 9 per cent solids, as much as Vs 
of the corn in the mash could be replaced. 

Other fermentation products,** such as molasses and grain 
butyl and ethyl fermentation solubles have been satisfactorily 
fed to poultry. Many of these have been particularly valuable as 
riboflavin supplements. 

BUCKWHEAT AND ITS PRODUCTS. Buckwheat as a grain 
is of more or less local importance, being fed in those sections 
where it is grown. Buckwheat has certain undesirable charac- 
teristics such as the heavy husk which gives it a larger fiber 
content and the dark color of the kernel which makes it unat- 
tractive to the birds. It is not so palatable as corn or wheat, but 
is much the same as oats in this respect. Again It Is usually 
used in the winter ration. There is greater difficulty in keeping 
it over summer, because it is likely to get musty in the bin. It 
is not a substitute for wheat. Except for the fiber content. Its 
composition resembles corn more than wheat. When used in the 
grain mixture, it should not make up more than V4 of the mixture. 
Sometimes it is hopper fed in addition to the regular scratch 
grain. Ground buckwheat may be used in the mash mixture, re- 
placing ground oats. 

’’ Buckwheat Middlings Is that portion of the buckwheat grain 
immediately under the hull after separation of the flour. It shall 
contain no more hulls than arc obtained In the usual process of 
buckwheat milling, and must not contain more than 10 per cent 
of crude fibre." A good grade of buckwheat middlings is a valu- 
able fattening feed, producing good quality white flesh. They are 
high in protein and fat and can be used the same as wheat mid- 
dlings. 

"Buckwheat Feed Is a mixture of buckwheat middlings and 
buclwhcai hulls. It must not contain more than 30 per cent of 
crude fiber." 
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Maize is not sufficient alone as a feed for poultry, but where 
grown it must remain the principal element in poultry feeding. 

It can be fed heavily, however, when properly balanced.^® 

Some experiments indicate an advantage is using a larger 
amount of corn, and no gain in feeding a variety ration in place 
of a simple one composed largely of corn,^’ 

Other experiments indicate an advantage in replacing some of 
the corn with other grains. On a com-skimmilk ration, the Ken- 
tucky Station^ reports better egg production when part of the 
corn is replaced by wheat or oats or a combination of the two. 
Heuser*® found that a laying ration made up largely of a combi- 
nation of wheat and corn gave better results than rations com- 
posed largely of either grain alone. Ohio^® reports improvement 
in the ration when 20 per cent or more of corn was replaced 
with a like amount of oats, prentice” indicated that maize meal, 
replacing Sussex ground oats in a laying ration, produced greater 
gain in body weight and a higher rale of egg production. 

The California Station®® concluded that a ration composed of a 
high proportion of corn, fed continuously during the first 18 
months of life, produced a significantly higher laying-hen mor- 
tality than a similar ration in which a large part of the corn had 
been replaced by barley and alfalfa meal. Differences In mor- 
tality were primarily accounted for by an increase in pathologi- 
cal conditions of the reproductive tract, such as ruptured and 
flabby ova, occluded oviducts, reverse peristalsis, and prolapsus. 
The corn ration, when fed only during the rearing period or only 
during the first laying year, did not significantly increase either 
the laying-hen mortality or reproductive types of pathology, al- 
though heavier losses occurred than in the barley-fed lots. More 
rapid and earlier sexual maturity were produced by the corn 
ration. Surviving birds produced as many eggs in the corn-fed 
lots as in the barley-fed lots. Hence the differences In produc- 
tion Index were entirely due to the differential mortality. 

Jeffrey®* concluded that the nutrition of the chicken during the 
growing period had a bearing on adult mortality and suggested 
that oats, wheal, and barley should be given preferred ratings 
over yellow corn In compounding rations, especially growing 
rations. He also called allcnllon to the fact that yellow corn is 
deficient In the factor, resulting In smooth feathering in chick- 
ens, and produces oily and curly or rough feathering, in contrast 
to smooth and glossy feathering produced by oats, oat hulls, and 
whc.il bran. It Is suggested that cannibalism, particularly feather 
picking. Is worse on com diets because the birds arc more in- 
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dined to pick at oily, curled feathers than at smooth, glossy ones. 

Corn Is recognized as one of our best fattening feeds and Is 
used extensively In the fattening Industry In this country. It has 
even been used exclusively as the cereal for this purpose. 

Yellow corn is preferable to the while corn because of Its 
higher vitamin content, particularly of the vitamin A. Red corn 
with a yellow endosperm Is equal to yellow corn in vitamin A 
activity. After the birds become accustomed to red corn, they 
will eat It readily. 

The yellow corn gives yellow color to the flesh of the bird, 
which Is desirable and preferable In poultry markets In this 
country. In England, where while color is desirable, fattening 
rations arc made up very largely of fine ground oats, which, of 
course, helps to maintain white color In the carcass. Yellow 
corn produces a deeper color in the yolk. It also has a tendency 
to make whUe*plumaged birds creamy. 


GRADES FOR CORN* 

No. 1. Cool and sweet, not less than 5S pound* to the bushel, not over 
14 per cent moisture; not more than 2 per cent foreign material and 
not more than 2 per cent of damaged corn; there shall be no heat 
damage. 

No 2 Coot and sweet, not less than 53 pounds to the bushel, not over 
18 5 per cent moisture, not more than 3 per cent foreign material 
and not more than 4 per cent damaged corn; not more than 0 I per 
cent heat damage. 

e' sweet, not less than 51 pounds to the bushel, not over 

moisture; not more than 4 per cent foreign malenal 
ana b per cent damaged corn, not more than 0 3 per cent heat damage 
in s “f'* Poynds per bushel, not over 

anH 9 ^ cent moisture; not more than 5 per cent foreign material 
No 5^ 0 5 per cent heal damage 

21 5 n^r A per bushel, not o^e^ 

aid m LrT-m H ® per cent foreign material 

No 6 r^i K, f n’^ged corn, not more than I per cent heat damage 
taste! « potai- p" 

eim niate,-(ai o A 1 = *^ moisture, not more than 7 per cent for- 


■» <»" "hlPb ioe. not come «.lh.n 
“ny commISfv 1^.°' I •» 8. Inolcve. or nhloh ta. 

rested with live weevils foreign color, or is heating, hot. m- 

.. otherwise ol dl.t,n«l, W to™'" “ ““red gram, or 

•Taken U_S_D^. Moolr of Omcal r.rain gfnd.rds 
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Popcorn . The question of the use of popcorn often arises. 
Where popcorn waste has been tried, it has been found that it 
does not seem to be very palatable and hence would not be a 
wise inclusion in the ration. “ 

Sweet Corn . Dried sweet corn can be fed to poultry either as 
a grain or as the meal. The amounts that can be used will de- 
pend upon their consumption by the birds, 

** Corn Meal is finely ground, unbolted corn.” 

‘* Corn Chop , Ground Corn , or Cracked Corn is the entire 
product made by grinding, cutting or chopping the grains of 
sound Indian corn, and may be fine, medium, or coarse. It must 
not contain more than 4 per cent of foreign material.” 

^ Screened Corn Chop , Screened Ground Corn , or Screened 
Cracked Corn is the coarse portion of corn chop, ground corn, 
or cracked corn from which most of the fine particles have been 
removed. It must not contain more than 4 per cent of foreign 
material.” 

Corn meal or ground corn Is one of the widely used ingredi- 
ents of the poultry mash, having the same desirable qualities as 
listed for the grain. It has the desirable characteristic of not 
being sticky when mixed with water, and ordinarily will give a 
good physical condition to the mash mixture. Care must be taken 
in storing the meal because of heating. 

‘* Corn Feed Meal is the fine siftings obtained in the manufac- 
lure'oTscreencd corn chop, screened ground corn, or screened 
cracked corn with or without its aspiration products added.” 

Since it is not a whole grain ground, there is likely to be con- 
siderable variation in this product. It often is a bulkier, chafflcr 
feed because of the larger amounts of bran that it contains. It 
might al^o contain more fat because of germs that are lost in 
cracking. It can be satisfactorily used if It does not contain too 
much of the fiber. 

“ Corn Bran is the outer coaling of the corn kernel, with llltio 
or none of the starchy part or germ.” It consists mainly of 
cellulose and makes up about 6 per cent of the grain. As far as 
the composition Is concerned. It does not differ widely from 
wheat bran. It docs not contain the minerals that wheal bran 
docs, has less protein, and more fiber. Poultry usually is not 
fed corn bran, although some of It could be fed in the same way 
as wheat bran, for lightening Ihe ration. Corn bran has been 
reported as much better than rice bran, but decidedly inferior 
to corn meal.** 

‘• Hominy Feed Is a mixture of corn bran, corn germ, and a 
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part ol the starchy portion of either while or yellow corn kernels 
or mixture thereof as produced In the manufacture of pearl hom- 
iny, hominy grits, or table meal, and shall contain not less than 
5 per cent ol crude fat. II prefixed with the words ‘white’ or 
•yellow,’ the product must correspond thereto.” 

The hominy products are thus made up of all the corn kernel, 
except part of the interior of the com or endosperm. They arc, 
therefore, composed of the bran, the germ, and part of the 
starchy portion ol the kernel. Their composition compares 
favorably with that of corn meal. Hominy has a little more fiber 
and minerals, since part of the starch has been taken out. There 
is not much difference so far as the protein is concerned, but 
as it contains the germ it is higher In fat. The hominy can be 
used in much the same way as corn meal** and can be substi- 
tuted pound for pound for the corn meal, where it is available 
at a price not to exceed that of com meal. It is especially de- 
sirable for fattening, since It produces good-quality flesh and 
fattens quickly. Us use is limited because It is a by-product and 
is not readily available in large quantities. The yellow hominy 
products contain vitamin A and are preferable in that respect. 

•‘ Corn Germ Meal is ground com germ cake,” 

‘‘ Corn Germ Cake consists of com germ with other parts of 
the corn kernel from which part of the oil has been pressed and 
Is the product obtained In the dry milling process of manufac- 
ture of corn meal, corn grits, hominy feed, and other com prod- 
ucts.” 


“ Corn Oil Meal is ground oil cake or flakes. Its name must 
mclude one oi the terms (hydraulic, expeller, or solvent ex- 
tracted) to indicate the method of manufacture of the source 
material.” 

•‘ Corn 0 x 1 Cake and Com Ox! Flakes consist of the corn germ 
from which most of the oil has been removed by hydraulic, ex- 
peller, or solvent extraction and are the products obtained in the 
wet milling process of manufacture of com starch, corn syrup, 
and other corn products. For each product, the designating 
name must include a term (h)rdraullc, expeller, or solvent ex- 
tracted) descriptive ol the process of manufacture, and the prod- 
uct must correspond thereto.” 


These germ products, composed chiefly ol the germ which 
makes up alxiut 10 per ceul ol the grain hy weight, are rich in 
lat and vitamins and are good feeds Usually they are more ex- 
pensne than the other products and are not extensively used 
Corn oil meal has the valuable characteristic of heiog able to 
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absorb large quantities of liquids. When corn oil meal is satu- 
rated with liquids, it swells and thickens, enabling it to hold 
other feeds in a mixture in suspension. For this reason, corn 
oil meal is a very desirable ingredient in fattening rations. 

“ Corn Gluten Meal is that part of commercial shelled corn 
that remains after the extraction of the larger part of the starch 
and germ, and the separation of the bran by the processes em- 
ployed in the wet milling manufacture of corn starch or syrup. 

It may or may not contain one or more of the following: corn 
solubles, corn oil meal.” 

“ Corn Gluten Feed is that part of commercial shelled corn 
that remains after the extraction of the larger part of the starch 
and germ by the processes employed in the wet milling manu- 
facture of corn starch or syrup. It may or may not contain one 
or more of the following: corn solubles, corn oil meal.” 

The corn gluten products are high in protein and are thus one 
of our vegetable protein concentrates (see Chap. 7). When made 
from yellow corn, they are also rich in vitamin A. Corn gluten 
nteal has been reported to be six times as potent as yellow corn 
In vitamin A. Gluten meal contains more protein and less fiber 
than the gluten feed because the bran is not included in the for- 
mer. In some cases, gluten has had an unfavorable effect upon 
the kidneys of the birds. It might be possible that in those cases 
there was not a proper balance of the rest of the ration or too 
much was fed. The gluten meal seems to be palatable and, where 
used in moderate amounts, will be satisfactory. The yellow pig- 
ments in corn gluten meal promote the desirable yellow coloring 
in the skin and shanks of the birds. 

“ Corn Grits or Hominy Grits Is the product consisting of fine 
or medium sized, hard, flinty portions of sound Indian corn con- 
taining UlUc or none at the bran or germ.” 

This is really the hominy used for human food and is ordi- 
narily too expensive to use for poultry feeding, even for the 
young chicks. There Is no advantage gained for poultry over 
straight cracked corn. 

“ Flaked Corn is the product obtained by running cracked corn 
which has been aspirated and properly tempered over smooth 
flaking rolls and subsequently dried and cooled.” 

“ Ear Corn Chops Is corn and cob chopped, without the husk, 
with no greater proportion of cob than occurs in the ear corn In 
Its natural stale.” The Ohio Station reported the following re- 
sults when corn-and«cob meal was used as a sub.slllutc for 
ground shelled corn. During the first 8 to 10 weeks there was 
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TABLE 9. COMPOSITION OF COHN PnODL'CTS* 

Fiber Protein Fal N-Free Extract 


Corn meal 2 0 8.C 3.9 69 3 

Corn bran 9 2 9.7 7.3 62.0 

llomln> feed 5.2 11.2 6 9 64.2 

Gluten feed 7.6 25.5 2.7 48.8 

Gluten meal 4.0 43.1 2,0 39.9 


• Feeds and Feeding . Morrison, 1930. (See Table 3.) 


little difference in mortality, but tn general there u’as a slightly 
lower rate of grov.-th. In the growing rations the corn-and-cob 
meal had a \alue equal to or greater than ground or whole 
shelled com. With layers the corn gate slightly higher produc- 
tion. lower feed consumption, and higher returns. However, a 
noticeably better plumage condition, with llitle or no feather 
picking and cannibalism, was observed with the corn-and-cob 
meal. 


COTTONSEED PRODUCTS. “Cottonseed Meal is a product 
of the cottonseed only, composed ^Tncipally oi the kernel with 
such portion of the hull as Is necessary in the manufacture of 
oil; provided that nothing shall be recognlred as cottonseed meal 
that does not conform to the foregoing definition and that does 
not contain at least 36 per cent of protein. Cottonseed meal 
shall be graded and classed as follows: 


“ Cottonseed Meat . Prime Quality — must be finely ground, 
not necessarily bolted, not have a sour or musty odor, reason- 
ably bright In color, yellowish, not brown or reddish, free from 
excessive lint, and shall contain not less than 36 per cent pro- 
tein. It must be designated and sold according to its protein 
content. Cottonseed meal with 36 per cent protein must be 
term^ ‘36 per cent Protein Cottonseed Meal, Prime Quality.’ 
and higher grades must be similarly designated as -43 per cent 
Protein Cottonseed Meal, Prime Quality.- etc 

‘‘^tonseed OH Quality — Cottonseed meal not fulfilling 

cent Protein Cottonseed Meal. Off Quality,’ and 

S annn h” designated. It must be designated and 

sold accordmg to its protein content.- 

aft ‘s the product obUined 

slh «:°ttonseed kernels and 

process.- is necessary m the manufacturing 
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** Solvent Extracted Cottonseed Meal is the product resulting 
from grinding solvent extracted cottonseed flakes. It must be 
designated and sold according to its protein content.” 

*‘ Degossypolized Cottonseed Meal shall mean cottonseed meal 
from which the gossypoT has^een deactivated, so as to contain 
not more than 0.04 per cent free gossypol.” 

Cottonseed meals are vegetable protein concentrates and thus 
contain a large amount of protein. The chief deficiencies of cot- 
tenseed meal are lysine and vitamin The lysine deficiency 

causes the production of white feathers m bronze turkeys. They 
also contain considerable fiber. The feeding results have been 
variable (see Chap. 7). 

grain sorghums. Kafir Corn In its composition resembles 
corn quite closely, except that ifwntains slightly more fiber. 

As far as the kernel is concerned, It Is of favorable size, has a 
light husk, has good color, and is relatively soft and palatable. 

It Is used commonly In sections where it is grown, Its use in 
other sections is not very extensive because it usually costs 
wore than the corn and does not have quite the feeding value. 

Still kafir corn or red mllo can be used to advantage In poultry 
feeding.” In using kafir corn, the lighter, namely the white, or 
yellow round kernels of the kafir group are desirable because 
they contain very little of the tannin or bitter property found in 
darker kernels. 

The sorghums are likely to be deficient m vitamin A and hence 
must be supplemented with green food or some source of this 
'’hamin. Wlien thus supplemented, kafir or hogari may replace 
yellow corn.’® It has also been reported that grain sorghum'" 
can replace wheat and other grains in poultry rations. The 
Oklahoma Station” reports that felerita and hegarl wore not so 
good as yellow corn, and that kafir is more efficient than darso, 
ut that both could be fed. MitchcJl®' reported that the grain 
®°cghum hegari, in starting rations, showed poorer growth and 
jphor mortality and produced white-shanked birds. The palaia- 
of the ration was affected. Fronda, Zlalcita, and Basic'’ 
concluded that broom corn seeds were not so palatable or so 
c nclonl^for egg production as corn grains. Ackorson and co- 
''°*^kers ’ reported that kalo could be substituted for corn in an 
erwlse complete ration for growing chicks, but that the in- 
® ificos of cannibalism were confined to the kalo-fed lot. McCly- 
|noni concluded that grain sorghum should not make up more 
15 to 25 per cent of the ration as higher levels depress 
Growth and Increase moriaJily. 
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CLASSIFICATION OF CRAIN SORGHUMS 

Kafir 

Seeds \^hite — round 
WTilte kafir 
Blackhull kafir 
Durra 

Seeds ^hite — flattened 
Vtliite durra 
Blackhull durra 

Seeds yellovilsh or reddish — slightly flattened 
Yellow mllo 
Brown durra 
Broom Corn 

Seeds reddish brown— round 
Broom com 

Seeds white to huff — round 
Shallu 

Seeds white, brown or red— round 
Km Hang 


Kalir Meal . Its qualities are the same as kafir grain, and 
would be used In the ration similarly to com meal. 

LINSEED PRODUCTS. “Linseed Oil Meal is the product ob- 
tained by finely grinding the cake, chIps.TFTlakes, according to 
the process employed, in the production of linseed oil. It must 
be designated and sold according to Its protein content, and its 
name must include one of the terms ‘hydraulic,’ ‘expeller,’ or 
‘solvent extracted' to specify the method of manufacture of the 
source material.” 


•• Linseed Feed is the product obtained by mixing one or more 
linseed oil meals with flaxseed screenings oil feed with or with- 
out other flaxseed by-products. It must be designated and sold 
according to its protein content.” 


Unseed oil meal is quite laxative, probably because of the oil. 
It IB also very sticky when moistened, which renders it unpalat- 
able. Both these characteristics indicate that, where it is used 
®ash, the quantity needs to be very much restricted. 

Where it is included, probably not more than 5 per cent of the 
mash should be made up of this product. Oil meal is used as a 
ofi ^ so-called tonics. The protein of 

’ ® biologic value. (See Chap 7 ) 

^ valuable feed for poultry. It has a 
taSs lo7«r= “ “ °''™ chick grain m«- 

cause of ita skiny and very attractive, but be- 

cause of Its hard, heavy husk it often passes through the digestive 
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tract without even being broken down. Besides, it is usually 
rather expensive. The kernel is too small for the feeding of 
mature birds. 

Proso , also called broom corn millet and hog millet, belongs 
in^e group of millets cultivated for grain production. The 
seeds are very hard and have a high fiber content. It is very 
similar to buckwheat in composition and feeding value. 

The feeding value of proso millet has compared favorably 
with that of corn in starting, growing, and laying rations^®’ as 
well as in the ration for growing turkeys.'*^ 
minerals. Common Salt is sodium chloride with impuri- 
ties not exceeding commercial grade. 

** Iodized Salt is common salt (NaCl) containing not less than 
0.007 per cent of iodine uniformly distributed.” 

Salt functions in various ways.^® This may have some bearing 
upon the levels recommended. Cereals and cereal by-products 
are low in sodium. Salt helps to supply sodium and chlorine. 
Poultry rations to which a small amount of salt was added have 
given better growth and more efficient utilization of food as well 
as more satisfactory egg production and better body weight. It 
has also been reported that salt appeared to improve the utiliza- 
tion of dietary nitrogen. 

It has been frequently noted that high salt diets increase the 
water consumption which has an effect on the consistency of the 
droppings and results in the litter having to be changed more 
frequently. 

Salt has also been recommended by the Wisconsin Station^® 
as a means of preventing cannibalism. The treatment consisted 
in dissolving a tablespoonful of salt in each gallon of drinking 
water for one forenoon, and three days later repeating the Ireat- 
nicnt for another half day. 

Too much salt Is toxic (see Chap. 11). Much more salt can be 
fed than is necessary. The Wisconsin Station*® reported that 5 
per cent of salt In the ration Is more than is desirable; that 2 
per cent Is not injurious; that birds getting more than 1 per 
cent of salt In the ration consumed more than a normal amount 
of water, with the result that the lUler has to bo changed more 
frequently. The Illinois Station** Indicated that chickens could 
be raised from 9 to 21 weeks on rations containing as much as 
8 per cent of salt, with no apparent detrimental effect on their 
condition. The Maryland Station** found that mortality u-as not 
excessive until the level of salt in the ration was greater than 
5 per cent by weight and that chicks wore able to endure salt 
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levels as high as 30 per cent for short periods of time. 

The amount of salt that Is required may be Influenced by a 
number of factors. There seem to be some interrelationships 
between salt and certain minerals such as potassium, calcium, 
phosphorus, and manganese as well as the nature of the feed 
ingredients. Because of some of the possible disadvantages it 
Is desirable not to add too much salt to poultry rations. 

Phosphorus Carriers . It is frequently necessary to increase 
the phosphorus content of the ration, particularly when the 
amounts of meat scrap and fish meal are limited. It is possible 
to supply phosphorus in a number of forms. 

“ Steamed Bone Meal is the dried, ground product suitable for 
animal feeding obtained by cooking bones with steam under pres- 
sure.” 

•' Special Steamed Bone Meal Is the dried, ground product suit- 
able for animal feeding, obtained by cooking dried bones after 
the removal of grease and meat fibre with steam under pressure 
In the process of obtaining gelatin or glue.” 

“Bone Charcoal or Bone Black is the product obtained by 
charring bones in closed retorts. It shall contain not less than 
14.1 per cent of phosphorus (P).” 

“ Spent Bone Black is the product resulting from the repeated 
charring of bonrcHarcoal or bone black after use in clarifying 
sugar solutions. It shall contain not less than 11.5 per cent of 
phosphorus (P), The label shall show a guarantee for calcium 
(Ca) and phosphorus (P).” 

“ Bone Ash is the ash obtained by burning bones with free ac- 
cess of air, and containing a minimum of 15.3 per cent of phos- 
phorus (P). The label shall show a guarantee for calcium (Ca), 
and phosphorus (P).” 


Defluorinated Phosphate includes either calcined, fused, or 
precipitated calcium phosphate. It shall contain not more than 
one part of fluorine (F) to 100 parts of phosphorus (P) The 
minimum percentage of calcium (Ca) and phosphorus (P) and 
nnorme (F) shall be staled on the 
^ ®rm efluonnated’ shall not be used as a part of 
<n toTnn° product containing more than one part of fluorine 
(F) to 100 parts of phosphorus (P).“ 

vary considerably in their 
and tncalrhim ™oals, defluorinated phosphates, mono, di-. 
ohosDhate orthophosphates, and Curacao Island 

rock nhosnhat generally satisfactory availability. Phosphate 
rock, phosphate slag, and metaphosphates were generally in- 
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ferior. “Colloidal’' phosphate and pyrophosphates were poor in 
availability. 

Calcium Carriers. Most rations need some addition of cal- 
cium. It can be provided in various forms. 

“Calcite, Ground Limestone, Chalk Rock , Precipitated Chalk , 
Oystef Shell Flour; Shell Fl^r, ari O*recipitated t;aic^ C^^ 
donate accepiable sources of calcium carbonate. They shall 
in each instance be true to name and shall contain not less than 
33 per cent calcium (Ca). They shall be declared as ingredients 
only by the names listed above. 

"Calcium Carbonate is a product containing not less than 38 
per cent c^cIuitTfCay?’ 

“Magnesium Limestone or Dolomit^ Limestone is acceptable 
as a source of magnesium and calciunTcarbonates. The terms 
are synonymous and designate a native mineral composed of 
mixtures of magnesium carbonate (MgCOa) with calcium car- 
bonate (CaCOs). It shall contain not less than 10 per cent mag- 
nesium (Mg) and shall be declared as an ingredient only by one 
of the names listed above." 

A number of workers** have shown that in rations for chicks 
the various forms of calcium salts are available for bone for- 
mation. For eggshell formation, the carbonate form has proved 
most effective. Calcium phosphate and rock phosphate have 
been shown to be definitely inferior as a source of calcium for 


laying hens. , ^ , 

Most of the forms of calcium carbonate have proved satisfac- 
tory as long as they did not contain loo large amounts of mag- 
nesium, such as is found In dolomltlc limestone. Oystcrsholls 
have been looked upon as the standard for laying hens. Other 
substances that have been used satisfactorily for this purpose 
are limestone,** marl,*® mussel shells, coquina shell, 
cockle shell.” coral sand.*” clam shells, and eggshells. 

OATS AND THEIR PRODUCTS. Oats make a desirable grain 
for poultry feeding, but they should be restricted to plump heavy 
oats. For poultry feeding, they should weigh 40 pounds or belter 
to the bushel. Light oats arc practically valueless. Even with a 
heavy oat, there Is a large amount of husk or fiber, conslituling 
on the average about one-third of Its weight. A big difference is 
found in the amount or proportion or thickness of the husk In 
different varieties. Dodd and Telford” report a variation in the 
proportion of husks or “hulls" ranging from 20.1 to 45.7 per 
cent. The fiber content was reported as ranging from 8.5 to 14 
per coni. Even In the heavy, favorable oats there Is a high fiber 
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content, usually about 10 per cent. The thin-hulled varieties 
should be chosen. The kernel itself is a desirable feed so that 


if the husk is taken away, the kernel that is left makes a very 
good feed. Some feeders say that oats seem to have a stimulat- 
ing effect upon the nervous system. They are not so palatable 
as wheat or com, which are usually eaten first. For that reason, 
oats are looked upon by some feeders as an indicator of the 
fowl’s appetite. 

To the mature birds, the heavy oats and clipped oats are or- 
dinarily fed. However, hulled oats or oat groats of larger size 
are often fed, although they probably should not be included if 
they increase the cost materially. The hulled products as pin- 
head oats, oat groats, or oat flakes are the forms fed to chicks. 

Because of the higher fiber content, oats should not compose 
more than V3 of the scratch grain. Ohio** reported that the 
ration was improved when 20 to 40 per cent of corn was replaced 
with a like amount of oats. There was practically no difference 
according to the form in which they were fed. Feeding whole 
oats, mixed with the all-mash mixture, was the easiest and least 
ejqiensive way of feeding this grain, although a few more eggs 
were secured when finely ground oats were fed. The difference 
did not pay for the cost of grinding. With the free choice system 
of feeding whole oats, troubles such as feather picking, canni- 
balism, and pick-outs largely disappeared. The time and care 
required for germinating oats did not seem to be Justified by 
the results obtained. 


The result^ of experiments at the Western Washington Eiqieri- 
ment Station show that the cannibalism-preventing properties 
of oats Is due to the fiber fraction of the oat hulls. 

When fed as the exclusive grain in the ration, experiments at 
the Iowa Station showed that oats ranked first for poultry feed 
in corapariMn with corn, wheat, and barley. The chicks grew 

feathered more rapidly, there was less mortality, and 
feather picking were reduced. It was suggested 
crrnTiri^irr V,- P®*'. Pcrhaps cvcn more, of the ration of the 
oat^T Sp^.h ’ hen, and the turkey could be made of 

ia^ indipatp ^ ^^eriments m Germany®® and Austral- 
ia tor O' It® 

Utilized in the dieestible ioodstuiis in oats can be 

tour parts ot wheat. Care should be taken, however, to use. 
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as far as possible, full-grain, heavy, and fine-husk oats. 

The South Dakota Station’^ has also shown that whole or 
ground oats may be used quite extensively in growing rations 
for turkeys from 12 to 28 weeks of age. As high as 80 per cent 
oats were fed. 

“Oat Groats are the kernels produced from cleaned and dried 
oats in the process of manufacturing oat meal." 

“ Hulled Oats or Undried Oat Groats are the kernels produced 
from the undried grain in the process of hulling oats." 

Pinhead oatmeal consists of oat groats, usually of small oats, 
so that we have the whole oat kernel. Steel-cut oats consist of 
larger oat groats that have been cut into several pieces by 
means of steel knives. Clipped oats are oats which have had the 
end or tip of the hull broken off. In this process part of the husk 
or fiber is removed and usually also the light oats are removed. 
Thus clipping makes the oats a better product for poultry feed- 
ing. Frequently oat flakes are used in chick starters. 

Some poultryrnen have reported trouble from chicks "pasting 
up behind" with such feeds. In that case the chick has probably 
picked out the oats. In rats restricted to an oat diet one of the 
physiological effects reported is pasty feces. 

GRADES FOR WHITE OATS • 

No. 1. Cool, sweet, not less than 32 pounds to tho bushel, not less than 
98 per cent sound; with not more than 0.1 per cent heat damage, 2 per 
cent foreign material, 2 per cent wild oats, or 2 per cent of other 
color oats. 

No. 2. Cool and sweet, may be slightly stained, not less than 29 pounds 
to the bushel, not less than 95 per cent sound; wUh not more than 0.3 
per cent heat damage, 2 per cent foreign mnlcrlal, 3 per cent wild 
oats, or S per cent of other color oats. 

No. 3. Cool and sweet, may bo stained, or slightly weathered, not less 
than 26 pounds to the bushel, not less than 90 per cent sound; with not 
more than 1 per cent heat damage, 3 per cent foreign material. D per 
cent wild oats, or 10 per cent of other color oats. 

No. 4. Cool, may be musty, weathered, or badly slalncd, not less than 
23 pounds to the bushel, not less than 80 per cent sound; with not more 
than 6 per cent heal damage. 5 per cent foreign rnatcrmi. 10 per cent 
wild oats, or 10 per cent of other color oats. 

"Oat Chon. Ground Oats, Pulverized O^, Crushed Oats , or 
Crlmpoa~ Oats consists of Ote entire product madoljy" chopping, 
Siting, grOTlng. crushing, or crimping whole oats. It sh.!!! con- 
tain not more than 10 per cent of other grains, weed seeds, and 
other foreign material." 

• Taken from U.S.D-A. Handbook of Official Crain Suintlard^ . 
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Ground oats should be included In restricted amounts since 
they are a light, bulky food, high in fiber. Ordinarily, they 
should not constitute more than 20 or 25 per cent of the mash. 

The Indiana Station” reports that oats proved to be an efficient 
substitute for bran and middlings in rations for chicks when up 
to 30 per cent ground oats were used in place of 15 per cent 
each of wheat bran and wheat middlings. They should be ground 
fine enough so as to prevent picking over by the birds. The ham- 
mermill process of grinding is preferable. Crushed oats are not 
so desirable as ground oats because of their physical make-up. 
They give a coarseness to the mash which might encourage the 
hens to pick it over. 

** Oat Middlings is the product consisting of the floury portions 
of the oat groat obtained In the milling of rolled oats.” 

”0^ Shorts is the product consisting of the covering of the 
oat gram lying immediately inside the hull, being a fuzzy ma- 
terial carrying with it considerable portions of the fine floury 
part of the groat obtained in the milling of rolled oats.” 

PEANUTS are not used as such for poultry, chiefly because 
they are too expensive. For mature turkeys of 20 pounds or 
more, the feeding of peanuts has been suggested as possible for 
about I month prior to marketing. 

“ Peanut Cake is the product obUlned after the extraction of 
part of the oil by pressure or solvents from peanut kernels as 
produced under reasonable milling conditions. It must be desig- 
nated and sold according to protein content.” 

ground peanut cake provided that nothing 
^ , ® J'®cognized as such that contains more than 11 per cent 
cru e i er. It must be designated and sold according to its pro- 
ein con ent. It contains considerable protein and can be used 
pi irarrants its use. (See Chap 7.) 

ohf.n„ h n« used very extensively in poultry feeding 

nrt a fif ’’ ®>5iensive men price is 

oeas arp trr " contain a large amount of protein Where 
S barLfr" ”"li otter grams, such as oats 

U to^d be teHe”', "• T “ "" gram, although 

grS^nt “1 one It as a mash m- 

greoient. WTiole peas are used m n 


seem to relish them. 


n pigeon feeds since pigeons 


in fe^in^pouItry^biS°Us^£ 

It has no special nutrlt le included m chick grains. 

'aiue It IS sometimes fed as a regu- 
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lator for bowel trouble. Diarrhea can frequently be relieved by 
feeding rice which has been boiled nearly dry in milk. 

“Rice Bran is the pericarp or bran layer of the rice, with 
only such quantity of hull fragments as is unavoidable in the 
regular milling of rice.” 

“Rice Polishings is a by-product of rice obtained in the mill- 
ing opiratrorTorbrushing the grain to polish the kernel.” 

“Ground Rough Rice is ground rice from which the hull has 
not been removed or ground paddy rice. ” 

Brewer’s Rice consists of the small and cracked polished 
grains. 

Experiments conducted at the Arkansas, California, Hawaii, 
and Louisiana agricultural experiment stations’^ show that rice 
products can be included in both the laying and growing rations 
of chickens with satisfactory results, provided a good source of 
vitamin A is furnished as a supplement to the rice feeds. Rice 
by-products, with a good vitamin A supplement, can be used as 
a satisfactory substitute for corn, wheat, oats, and the products 
of these grains in the laying and growing rations of chickens, 
when the relative price of those feeds justifies such a substitu- 
tion. Brewer’s rice can substitute for corn. Rico bran can be 
used in place of wheat by-products and rice polishings instead 


of ground oats. , . 

rye. Rye is one of the least-used grains in poultry feeding. 
It has good composition, resembling wheat, but It does not seem 
to be palatable, owing perhaps to the hardness of the kernels. 
Rye which was infected with ergot fungus has sometimes caused 
diarrhea in the poultry to which it was fed. Where it is not in- 
fected, there Is no reason why some rye should not be used. 

Rye is frequently sown as a cover crop for poultry yards, for 
the hens seem to be able to cal the sprouted rye w houl harm. 

Various by-products are also obtained n the milling of rye 
flour, such as rye feed, rye red dog. rye low-grade feed f^ur, 
rye middlings, and rye flour middlings u^lch are good feeds 
but are not used in poultry feeding, probably because of the 

prejudice against rye. . . j i .k i 

■■nve Feed is a by-product obtained in the usual process of 
the rye flour from cleaned and scoured rye pram, 

conslsllne^nrlncioally of the mill run of the outer covcrlnp of 
the rye g^a^n and Ihe^rm wllh small quantities of fluur and 
aleurone and must not conUiin more than 9.5 per cent of crude 


fibre.” 

I^Dog is a by 


-product obtained in the usual process 
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of the milling of rye flour, consisting principally of aleurone 
with small quantities of rye flour and fine rye bran particles 
and must not contain more than 3.5 per cent crude fibre.” 

•‘ Rye Low-Grade Feed Flour consists principally of rye flour 
and small quantities of aleurone and fine rye bran particles and 
must not contain more than 1.5 per cent of crude fibre.” 

‘‘ Rye Middlings consists of rye feed and rye red dog combined 
in the proportions obtained in the usual process of milling rye 
flour and must not contain more than 8.5 per cent of crude fibre.” 

“ Rye Flour Middlings consists of rye feed, rye red dog, and 
rye flour combined in the proportions obtained in the milling of 
rye flour and must not contain more than 5 per cent of crude 
fibre.” 


Results of feeding rye in Germany’* show that hens like food 
with a high percentage of rye (25 per cent in the mash and 50 
per cent in the grain), that It is not harmful to the health of the 
birds, and produces good laying results. Experiments at Wis- 
consin indicate that rye is unsatisfactory for young chicks, 
causing trouble with “sticky” droppings, but that it may be used 
In the ration for growing pullets and laying hens. For the pullets, 
not more than 30 per cent and. for mature birds, not more than 
45 per cent rye should be fed. Wyoming’* reports that rations 
containing 20 per cent of rye or less, when substituted for other 
cereal grains, were found to be practical for chicks. Higher 
levels caused a laxative condition. 

^en rye was fed to hens, there was little difference in egg 
production among the lots fed barley, rye, and oats. The hens 
yolks and watery albu- 

♦ ^ ^ laxative effect upon the hens but did not 

appear to injure their health. 

req?.u<f Le0iorn pullets, satisfactory 

DlacI?J^n H . P" of rye bran re- 

However, a max, mum ol 20 

per cent is recommended. 

weTeM® Experiment Station found that chicks which 

rye when the«^ ‘''H'r Bains than chicks fed ground 

ration 'to protein ol the 


any “ HBODUCTS. Soybeans are not fed to 

- votoble asye'LJbTmlmear'" 

obtained by grinding whole 
cooking or removing any of the oil. ’ ’ 
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** Expeiler Soybean Oil Chips is the product obtained after ex- 
pressing part of the oil from soybeans by crushing, cooking, and 
mechanical pressure using an expeller, screw press, or any 
other mechanical press. It shall be designated and sold accord- 
ing to its protein content.” 

* *Expeller Soybean Oil Meal is the product resulting from 
grinding expeller soybean oil chips. It shall be designated and 
sold according to its protein content.” 

“ Hydraulic Soybean Oil Cake is the product obtained after ex- 
pressing part of the oil from soybeans by crushing, cooking, and 
hydraulic pressure. It shall be designated and sold according to 
its protein content.” 

“ Hydraulic Soybean Oil Meal is the product resulting from 
grinding hydraulic soybean oil cake. It shall be designated and 
sold according to its protein content.” 

“ Solvent Extracted Soybean Flakes is the product obtained 
after extracting part of the oil from soybeans by the use of sol- 
vents. It shall be designated and sold according to its protein 
content.” 

“Solvent Extracted Soybean Oil Meal is the product resulting 
from grinding solvent cxtracte^Tsoybean Hakes. It shall be des- 
ignated and sold according to its protein content.” 

“Dchullcd Solvent Extracted Soybean Flakes is the product 
obtained after extracting most of the oil irom dehulled soybeans 
by cracking, heating, flaking, and the use of solvents. After ex- 
traction of the oil the product is cooked. It shall contain not 
more than 3 per cent crude fiber and shall be designated and 
sold according to its protein content.” 

“ Dchullcd Solvent Extracted ^ybean OH Meal is the product 
resulting from grinding dehulled solvent extracted soybean 
flakes. It shall contain not more than 3 per cent crude fiber and 
shall be designated and sold according to its protein content.” 

Soybean oil meal is the most widely used vegetable protein 
concentrate in poultry rations (see Chap. 7). 

SUNFLOWER SEEDS. Sunflower seeds are not ordinarily 
used to any extent in poultry feeding because of the very high 
fiber content and because they arc usually too expensive. 

Tests made of the value of sunflower seeds, grown in England’* 
for poultry feed, found them entirely satisfactory and an excel- 
lent substitute for the cereal grains. The seeds were quite di- 
gestible, gave more energy than the cereals on an equal-weight 
basis, and were palatable when fed to the flock under competi- 
tive conditions. 
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When sunflower seeds are fed, they are frequently Included in 
the ration because of the high fat content. Thus their use is 
usually restricted to the molting season, since It is thought by 
some that feather growth is aided. They probably help to make 
the feathers oily or glossy. They are commonly added to com- 
mercial mixtures to improve their appearance; usually only 1 
to 2 per cent is used. 

Sunflowers are frequently grown In the poultry yards to pro- 
vide shade. They will also help to keep the ground In condition 
since they are rank feeders. Where they are thus grow-n in 
yards, the birds are allowed to harvest the seeds as they become 
ripe. 

VITAMINS. “Cod Liver Oil is the oil obtained from the livers 
of Gadus morrhuae or oiher“^ecles of the family Gadldae, either 
or both. It must contain not less than 385.900 U.S.P. units of 
vitamin A per pound (850 units per gram) and not less than 
29,510 International chick units of vitamin D per pound (65 luiits 
per gram).” 


”D’ ^Uvated Animal Sterol is a product which is obtained by 
activation of a sterol fraction of animal origin with ultraviolet 
light and other means. For label identification it may be fol- 
lowed with the parenthetical phrase (‘Source of Vitamin D3').“ 
Vttan^ A and D Feeding Oil is either fish or fish liver oil 
or a blend gHwo or more of the following: vitamin A and/or D 
concentrate, synthetic vitamin D, fish liver oil, fish oil, marine 
animal oil, or edible vegetable oil. The vitamin potency shall 
be stated in International chick units of vitamin D and U.S P. 
units of vitamin A per pound.” 

or fish liver oil or a 
ortRe following: vitamin D concentrate, 
orprtihio ^ fish oil, marine animal oil, 

Internal The Vitamin potency shall be stated in 

International chick units of vitamin D per pound ” 

blen'dnT?^ — ~ either fish or fish liver oil or a 

fiSlivlroii f following: vitamin A concentrate, 

oil The vita’ animal oil, or edible vegetable 

its material used chiefly for 

gram“J“;r ““ ohall cuUii. no, less than 200 millt- 

of orlgm.” " pound The label shall bear a statement 


“X!!5HiS 512 SupplOTM IS a feeding material used lor its 
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vitamin B 12 activity. It shall contain a minimum vitamin B 12 
activity of 1.5 milligrams per pound. The term shall not be ap- 
plied to products for which there are accepted names and defi- 
nitions.” 

"Vitamin E Supplement is a feeding material used for its vita- 
min E activity. It shall contain a minimum vitamin E activity 
equal to 10,000 International units of vitamin E per pound. The 
label shall bear a statement of vitamin E activity in terms of 


International units of vitamin E per pound." 

WHEAT AND ITS PRODUCTS. Wheat is a very good grain 
for poultry feeding. It is rated by some people as the ideal poul- 
try feed. Because of the demand for wheat for human food, its 
use has been largely discontinued for other farm animals. Its 
use for poultry, however, has been continued, probably because 
It is well adapted to them and because fowls are efficient pro- 
ducers. Wheat has a large number of desirable characteristics. 
It Is the most palatable grain and is adapted to the feeding of 
fowls because of its favorable size and color and its low fiber 
content. It compares very favorably with corn in its composi- 
tion, containing slightly more of the protein and just a little bit 
more of the fiber. On account of its high protein content it has 
^ slightly narrower nutritive ratio than corn. 

Even though wheat has favorable characteristics for poultry 
feeding, the amounts that are used have been decreasing, prob- 
ably because of the price. Wheat is more favorably adapted to 
human consumption than corn and in that respect, where it is 
used in animal feeding, it Is competing with a higher-priced 
market. For that reason, its use probably will not Increase, but 


is likely to decrease In the future. 

Wheat like corn can make up a very large proportion of the 
ration, but it cannot be fed in so large proportions as corn."^ 
There is some evidence to Indicate that wheat, when fed very 
heavily, does have detrimental results, probably due to the de- 
ficiency of vitamins. In early tests carried on at Ohio** there 
was very little difference in production between corn and wheat 
rations but there was a difference in the morUllty of the two 
lots. The corn group lost 8 per cent while in the wheat group 
the mortality amounted to 52 per cent. In all probability vitamin 
A was the limiting factor. In feeding wheats of different protein 
content” to chicks H was shown that the differences in growth 
response were primarily due io differences In the rehattvo pro- 
portions of protein contributed and to the differences in the ly- 
aino content. McClymonl and Hart report that high wheat 
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rations for White Leghorn pullets require a supplement of ani- 
mal protein, oil meal, riboflavin, and green feed. 

Normally, wheat should probably not compose more than 50 to 
60 per cent of the laying ration, although larger amounts have 
been fed satisfactorily. In an experiment conducted at Cornell,** 
a laying ration composed largely of wheat gave better results 
than a laying ration composed largely of corn. The rations con- 
taining wheat resulted in higher grain and total feed consump- 
tion, owing to a preference for wheat over corn. The chief 
factors influencing the results were the nutritive v’alue of wheat 
and wheat by-products and increased feed intake due to the pal- 
atability of the wheat. 


In growth trials, normal growth cannot continue long on a 
heavy wheat diet unless it is properly supplemented. The Indi- 
ana Station** reported on the substitution of 40 per cent of 
ground wheat for ground yellow corn in broiler rations. When 
the ration contained 3 per cent of alfalfa leaf meal, the advan- 
tage was in favor of corn. When the ration contained 5 per cent 
of alfalfa leaf meal, growth was practically the same. 

There are many different kinds and varieties of wheat. There 
is probably not much difference in their feeding values, but 
practice shows that the soft, plump wheats are more palatable 
than the harder varieties. Under most conditions, the hen will 
consume enough feed for her needs, but when food consumption 
Is do-^ this might be a factor to be considered. Goodearl” re- 
ported that shrunken wheat (40 pounds to the bushel) was not 
inferior m plump wheat (60 pounds to the bushel) for laymg hens 
wnen used m equal amounts. However, McArdle** reported that 
^it ^ wheat fell, egg production decreased. 

i/ wheal may be concerned with the 

j f ^ ° pullet disease or blue comb. However, all wheats 
K producing this result. Yet trouble has 

thoueh the. result of feeding new grain. Al- 

nrove *»vpn wheal is not always fatal and may not 

wheat or nth ° wjurious, it seems best not to feed new 

Tent rL. those with high moisture con- 

comb and ^tfected show profuse diarrhea, darkened 

full oi termcnli wSar"”’' system is usually 

asTiar^FeT^^^^ dllferent classes of wheat, such 

soir/i "t-eat. du„„ wheat, hard red wmter wheat, 

ferent grades wheat. Each class has SIX dif- 

B aues, the first lour of which must be cool and sweet. 
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The requirements vary with the classes, but the highest grade 
always has the greatest weight per bushel, the least moisture, 
and the smallest amount of damaged kernels, heat damage, and 
foreign material. (For details see U.S.D.A . Handbook of Official 
Grain Standards.) 

Feed Wheat usually has reference to a grade of wheat not ac- 
cepted for milling purposes. There are several possible rea- 
sons for its not being accepted. It may be that the kernels are 
not large and plump enough; it may be that it contains a large 
amount of foreign matter, cockle, or other weed seeds; it may 
be that mold is present or there is too large a percentage of 
sprouting. Thus feed wheat is a variable product. It may be a 
favorable feed, or it may be one that is unsatisfactory. 

Salvage Wheat ordinarily refers to wheat that has been in an 
elevator fire. It may be burnt or scorched, and it may be musty 
because of being soaked with water. If it is not musty, it can be 
used for poultry feeding; if it is musty, the chances are that it 
will be unsatisfactory. 

Wheat Screenings are ordinarily made up of small, cracked, 
and shrunken kernels and other foreign material and weed seeds. 
Wheat screenings are ordinarily made up of refuse of better 
grades of wheat. Therefore wheat screenings are not considered 
of much value in poultry feeding, unless they are made up pri- 
marily of the smaller and cracked grains. 

Elevator Screenings are usually made up primarily of weed 
scMs and the smaller kernels sifted out. The weed seeds usu- 
ally are made up of various mustards and cockle. The mustards 
are usually bitter and, when present in any considerable amount, 
have a toxic effect by causing Irritation of the mucous membrane 
of the intestines. 

Sulfurod Wheat Is wheat that has been put through a process of 
bleaching by wetting the wheal, subjecting it to the fumes of sul- 
fur dioxide, and then drying to remove the moisture. Usually the 
red or durum wheat Is thus processed to improve the appearance. 
Its effect upon the feeding value is not known, but it probably has 
very little If any effect. 

Feeding Wheat . The practice of feeding wheat in the bundle, 
that Is, throwing a sheaf of wheat Into the pen and letting the 
hens thresh It for themselves, can be followed but usually is not 
reliable because it is hard to tell just how much wheat ts being 
fed. It Is difficult to know what amount of grain the birds are 
Retting, and the tendency is to underfeed rather than overfeed. 
Besides, there Is a rapid accumulation of straw which must be 
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removed, frequently before U Is necessary to do so for sanitary 
reasons. 

Wheat By»Products . Various by-products of wheat obtained 
in the manutacture of flour are available for animal feeding. The 


wheat kernel consists of three rather distinct parts: the outer 
layers of bran comprise about 16 per cent of the weight of the 
kernel, the endosperm about 82 per cent, and the germ about 2 
per cent. In the milling process much of the bran Is removed In 
layers or flakes, but some is broken Into fine particles and be- 
comes mixed with the flour. The by-products removed succes- 
sively from the outside of the kernel and their approximate per- 
centages are: bran 11 per cent, shorts or middlings 11 per cent, 
and red dog flour 5 per cent. The remainder, or 72 per cent of 
the kernel, consisting mostly of starch, is converted Into flour. 
The wheat germ may be included in the by-products or collected 
separately. The oil may be expressed from the germ and sold 
as wheat germ oil. The bran layers and germ contain most of 
the protein, vitamins, fats, and minerals; the endosperm is 
mostly starch. Since the outer layers contain most of the ash, 
fiber, and protein, the wheat by-products contain more of these 
nutrients and less total nutrient than whole wheat. 

*‘ Wheat Bran Is the coarse outer covering of the wheat kernel 
as separated from cleaned and scoured wheat In the usual proc- 
ess of commercial milling.” Bran Is chaffy and bulky and con- 
tains considerable fiber. It is also slightly laxative in its nature, 
owing to its content of crude liber and pentosans.** Its digesti- 
bility is low, which, combined with the fiber content, makes it 
low in total available nutrients. The ash content or mineral con- 
tent of wheat bran is considered favorable in furnishing phos- 
phorus and manganese. 

” Wheat SUndard Middlings consist of fine particles of wheat 
bran, wheat germ, wheat flour, and some of the offal from the 
tail of the mill.' This product must be obtained in the usual 
process of commercial milling and shall contain not more than 
9.5 per cent of crude fibre.” 


S^rts consists of fine particles of wheat bran, 
If the 'he offal from the -tall 

of Obtained in the usual process 

cent of crude fibre "■“'■o ‘lioo 7.5 per 


g with some fine particles of wheat bran, wheat germ, and 
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wheat flour. This product shall be obtained in the usual process 
of commercial milling and shall contain not more than 6.0 per 
cent of crude fibre.” 

“Wheat Red Dog, Wheat White Shorts, or Wheat White Mid- 
dlin^ consists of th^offal from the *tail of the mill’ togelfier 
with some fine particles of wheat bran, wheat germ, and wheat 
flour. This product shall be obtained in the usual process of 
commercial milling and shall contain not more than 4.0 per cent 
of crude fibre.” 

“ Wheat Feed Flour consists principally of wheat flour to- 
gether with fine particles of wheal bran, wheat germ, and the 
offal from the ‘tail of the mill.’ This product shall be obtained 
in the usual process of commercial milling and shall contain not 
more than 1.5 per cent of crude fibre.” 

In middlings, we have the standard type and the flour type. 
These types differ in composition and also in texture because 
the standard middlings contain a larger proportion of bran par- 
ticles than the flour middlings. 

Wr'heat middlings and shorts also have a slightly laxative ef- 
fect. They are sticky when mixed with water and therefore should 
not constitute large proportions of the feed. 

Red dog flour is the product used in poultry feeds. It is low in 
fiber and has much the same characteristics as flour middlings. 

It is used to quite an extent in fattening rations. 

“ Wheat Mixed Feeds consists of the coarse outer covering of 
the wheaT kernel, line particles of wheat bran, wheat germ, and 
wheat flour, and the offal from the ‘tail of the mill.' This product 
shall be obtained in the usual process of commercial milling and 
shall contain not more than 9.5 per cent of crude fibre.” 

“ Wheat Germ Meal consists chiefly of wheal germ together 
with some bran and middlings or shorts. It shall contRin not 
less than 25 per cent of protein and 9 per cent of fat.” 

“ Whe,^ Germ Oil Cake is the cake secured in the removal of 
part of the oil from wheat germ meal and shall contain not less 
than 29 per cent of protein.” 

“Wheat Germ Oil Meal is ground wheal germ oil cake.” 

Part of the wheaT germ is sometimes removed so that the by- 
products contain relatively less of this portion of the grain. It 
Is a valuable part of the grain since several of the vitamins of 
wheat are located chiefly in this portion. It is desirable that the 
germ be loft In the wheat by-products as otherwise a deficiency 
of vitamins might result. 

Use of wiicat Products . By-Products. The tendency at the 
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TABLE 10. COMPOSITION OF WHEAT PRODUCTS • 

Fiber, Protein, Fat. N-Free Extract, 

% % % % 

Ground wheat 2.G 13,2 1.9 69.9 

Wheat bran 9.6 16.9 4.6 52.9 

Wheat standard middlings 6.1 18.1 4.7 56.4 

Wheat flour middlings 3.8 18.3 4.2 59.8 

Red dog flour 2.6 18,2 3.6 61.9 

* Feeds and Feeding , Morrison, 1950 (see Table 3). 


present time is to use less of the wheat bran In poultry feeds and 
more of the middlings and red dog flour. There is considerable 
variation in the composition of the wheat products, depending 
upon the source and nature of the grain from which it is made. 


There Is also considerable variation in appearance and texture, 
depending upon the process of milling and the closeness of mill- 
ing. For example, a coarse standard winter wheat bran is quite 
different from a wheat bran obtained from a small local mill. 

Wheat by-products have been demonstrated as being Impor- 
tant Ingredients in poultry rations. The results from tests In 
Northern Ireland show the value of bran for egg production. 
Taylor and Lemer" concluded that the inclusion of 15 or 25 
per cent of wheat bran m the ration resulted in more rapid 
growth, earlier sexual maturity, and lower egg weight at the 
beginning of laying, Mussehl, Ackerson, and Blish“ report a 
concentration of a feather-growth factor in wheat bran and 
state that as much as 40 per cent of bran can be used in chick 
rations with good results. Embleton" concluded that bran was 
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experiments when using various combinations of bran, pollards, 
ground wheat, oats, barley and maize, and brewer’s grains. 

Ground Wheat or Wheat Meal is frequently used in place of the 
wheat by-products. When fed, it should be coarsely groimd. Ex- 
periments in England®^ indicate that wheat meal can replace up 
to 80 per cent of the maize meal of an all-mash ration, when the 
maize constitutes half the mash. The wheat rations produce 
light-colored yolks and legs. When using wheat meal in place of 
corn, the vitamin A content of the ration must be checked. Three 
to 5 per cent of good dehydrated alfalfa meal will prevent this 
deficiency condition. Twenty per cent of wheat meal has also 
been satisfactorily substituted for an equal amount of ground 
oats. South Dakota®* reported that 30 per cent of ground red 
durum wheat gave equally satisfactory results, when used to re- 
place 15 per cent each of bran and flour middlings in the mash 
part of a complete grain and mash ration for laying pullets. 

Crushed Wheat has also been used with good results in poultry 
rations in place of wheat bran and wheat middlings. In experi- 
ments reported from Cornell University,®* growth was greater, 
egg production was higher, and the body weight of the hen main- 
tained better when crushed wheat replaced wheat bran and mid- 
dlings. It was concluded that the greater efficiency was probably 
due to a greater amount of digestible nutrients being made avail- 
able on the less fibrous rations. 

LESS COMMONLY USED POULTRY FEEDS 

ALGARROBA feed consists of the fruit of the algarroba tree 
processed Into a fine meal. U has a high sugar content, satis- 
factory protein, and high fiber. It is very aromatic and is some- 
times used as an appetizer and tonic. Draper®"' suggested that 
algarroba bean meal could be used In Hawaii to supplement im- 
ported feeds for laying hens and for turkeys. 

bakery REFUSE might consist of any kind of baked goods. 
Where the product is kiln dried, U can be used as an ingredient 
of the dry mash. It might also be used as a wet mash, by mois- 
tening with milk and feeding as ••bread and milk.” It might be 
used in place of part of the wheat products. 

deans are not usually looked upon as a poultry feed. Cull 
be.ins. however, are sometimes fed. It Is best to cook them and 
feed as part of a wet mash. Cull pink beans have been reported 
as being well utilized up to levels of 10 per cent. Dean meal 
^’hen Included in rations for hens resulted in lower production 
3nd smaller eggs. 
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CHARCOAL. Because charcoal is an absorbent, especially of 
gases, it was included in poultry rations as an absorbent of gases 
and an intestinal corrective. Mai^old and Damkohler” reported 
some benefit of charcoal in preventing diarrhea. Sipe'” re- 
ported no effect upon egg production, health, or mortality of lay- 
ing hens. 


Experiments, conducted at Cornell, **** showed that wood char- 
coal, when used in the feeding of chicks, did not have any effect 
on growth, mortality, body or shank pigmentation, or condition 
of feathering. When used in the feeding of laying hens, it did not 
have any effect on egg production, food consumption, food utili- 
zation, mortality, or yolk color. No detrimental results were 
noted, even when charcoal was incorporated in amounts equal to 
8 per cent of the total ration. In most of the trials, the addition 
of charcoal increased food consumption, usually to the extent of 
the charcoal included. However, in mild diarrhea, produced by 
the feeding of dried whey, the condition of the droppings w’as 
benefited by charcoal feeding. In severe diarrhea, the consist- 
ency of the droppings was not Influenced. 

On the other hand, Almqulst and Zander*®* reported that a 
chick diet, adequate for normal growth and health, was rendered, 
u vitamins A, G, K, and the gizzard factor by 

the addition of an adsorbing charcoal. These findings point to 
the possibility of some measure of this effect in practical ra- 
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Haensel‘“* observed unsatisfactory results when 20 per cent of 
cocoa shell meal was included in the ration of Leghorn hens. 

“COCOANUT OIL MEAL or COPRA OIL MEAL is the ground 
residue obtained after the extraction of part of the oil from the 
dried meat of the cocoanut. It must be designated and sold ac- 
cording to its protein content.” This product contains a consid- 
erable amount of protein but is also high in fiber. Its feeding in 
one trial at the Maryland Station” did not give satisfactory re- 
sults. This was due in part to the fact that it was unpalatable. Tem- 
perton and Dudley^®® conclude that, in the event of a shortage of 
bran, cocoanut cake meal can be used as a substitute, without 
detriment to the health or productivity of the birds. (See also 
Chap. 7.) 

COWPEAS are not used in poultry rations, although small 
amounts could be fed in the same way as other leguminous 
seeds,*®’ 

ENZYME PRODUCTS have been suggested for the poultry ra- 
tion, with the idea of furnishing enzymes to aid the digestion and 
assimilation of the food. Enzymes are found naturally in the di- 
gestive tract of the hen. 

Improvement of the ration has been reported by the addition 
to the ration of protozyme,"*" a vegetable enzyme of fungus 
origin. Observations in regard to enzymes and their action*™ 
indicate that under normal conditions food utilization is as com- 
plete as possible, without the assistance of any enzymes from 
the outside. II is necessary, therefore, that many more detailed 
and conlrolled investigations be carried on with poultry before 
the use of artificial enzymes can be generally advocated. There 
is some evidence to indicate that fiber-splitting enzymes might 
enable the chicken to utilize some nutrients tied up or made un- 
aN’allablo by fiber. 

MOLASSES, a by-product ol the manufacture of cane sugar or 
beet sugar, contains a large amount of sugar. It is palatable and 
liked by farm animals. It is laxative and hence must not be fed 
in too large quantities. • 

* Tccdtng Cane Molasses is a by-product of the manufacture 
of cane sugaFTrom cane and shall contain 48 per coni or more 
of total .sugars expressed as invert sugar. Us solution in an 
equal weight of water shall lest not less than 39.75 degrees 
Brlx.” 

‘‘ Feeding Dect Molasses is a by-product of the manufacture 
of bcci sugar from sugar beets and shall contain 48 per cent or 
more of total sugars cxpro.ssed as Invert sugar. Us solution in 



130 


FEEDING POULTRY 


an equal weight ol water shall test not less than 39.75 degrees 
Brix.” 


“ Feeding Corn Sugar Molasses Is a by-product of the manu- 
facture of corn sugar from corn and shall contain 43 per cent or 
more of reducing sugars expressed as dextrose, and shall con- 
tain 60 per cent or more of total carbohydrates (dextrins, and 
reducing and non-reducing sugars). Its solution in an equal weight 
of water shall test not less than 39.00 degrees Brix.” 

“ Citrus Molasses is the partially dehydrated juice of citrus 
fruit. It shall contain not less than 45 per cent of total sugars 
expressed as invert sugar. Its solution in an equal weight of 
water shall test not less than 35.5 degrees Brix,” 

Satisfactory results wnth molasses have been reported from 
the Hawaii, I^uisiana,'" Ohio,*** and Cornell*** stations. 
HoweA-er, Maw * gives results from Canada which show that 
chicks increased food consumption without an increase in weight 
and that hens showed lower egg production. The Pennsylvania*** 
SUtion also reported that performance was not significantly in- 
fluenced by including up to 6 per cent of molasses In the rations 
of growing chickens or hens. 


Wen molasses Is used it replaces feeds rich in starch, such 
amounts fed must be restricted as the droppings 
tir, ^■atery, owing in part to increased water consump- 
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ensiled potatoes. After cooking the potatoes should be mashed 
and mixed with enough of the laying mash to make a crumbly 
mixture. This can be fed as a moist mash, feeding what the hens 
will eat in about 15 minutes. One hundred hens will thus consume 
6 to 8 pounds of potatoes a day. They seem to like the mash bet- 
ter when it is warm. 

Experiments reported from Canada,*^* the Irish Free State, 
Michigan, Norway, and Wyoming’*^ indicate that potatoes 
make a satisfactory substitute for corn or other feedstuffs rich 
in carbohydrates. 

Results from England show that potatoes were fed in large 
amounts to all kinds of stock since scarcity of grains and other 
imported concentrates, owing to war conditions, increased the 
feeding of home-grown feeds. Large amounts of potatoes (in 
some cases 50 per cent or more) were Included in rations for 
laying chickens and ducks as well as rations for rearing pullets 
and ducklings. The feeding of potatoes to breeders and table 
poultry was not satisfactory. 

Potatoes and various potato products have been used exten- 
sively In Germany. This interest has been shown because the 
nutritive yield of potato acreage is greater than that of grain. 
Freshly steamed potatoes, up to 2^ ounces per day per bird, 
were given to laying hens. Potato flakes, up to 60 per cent of 
the food mixture, were fed to hens and chicks with satisfactory 
results when the ration was properly supplemented. However, 
high levels of ground, dried, raw potatoes are not recommended 
for baby chicks. For the fattening of poultry, ducks, geese, and 
turkeys, potatoes in every form may be made an essential part 
of the feeding as a supplement to and a substitute for grain 
fodder. Economic conditions must decide whether potato flakes 
or cereals are to be used. 

The feeding of large amounts of steamed, ensiled potatoes to 
laying and breeding hens was satisfactory if an adequate amount 
of protein of high biological value was Included in the ration. 
Similarly, potato-protein flakes, a by-product of starch produc- 
tion, could be used as supplementary protein feed when com- 
bined with animal protein feed. 

Bolton and Halc“® reported satisfactory results for egg pro- 
duction when dried potato slices or flakes were fed in amounts 
as high as 42 per cent of the ration. Results at the Maine'”' 
Experiment Station indicated that dehydrated potatoes were not 
satisfactory as a substitute for corn in a chick ration, especially 
uhen 50 per cent or more of the com was replaced. Subsltlullon 
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up to 20 per cent did not affect feed efficiency. The California'"* 
Experiment Station reported a reduction in growth of both poults 
and chicks when they were fed siin>dried or oven-dned raw po- 
tatoes at a level of 20 per cent. Dried cooked potatoes, however, 
at that level appeared to be satisfactory. Experiments conducted 
at Cornell University*** indicate that 20 per cent of potato meal 
can be used in place of com meal or wheat standard middlings 
in rations for ducklings. 

Dried potato solubles,**** a by-product m starch production, 
was satisfactorily fed to chicks as a partial substitute for soy- 
bean meal. Potato starch pomace,**’ did not prove satisfactory 
in rations for chicks. The efficiency was very’ poor due probably 
to the high level of calcium. 

SWEET POTATOES. Sweet potatoes and dehydrated sweet 
poiato meal were used as feed in Louisiana.*** The hens getting 
the cooked potatoes ate more than those receiving raw ones. The 
sweet potatoes were fed to replace green Iced, and the egg pro- 
duction was entirely satisfactory. It was also found Dial sweet 
potato raeal could be used as 20 to 25 per cent ol the mash mla- 
lure and to replace carbohydrate feeds In chick rations. The 
ihirl S’’ suiions'” reported poorer growth in 
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not suitable in large quantities for chicks. The feeding of 
cooked and steamed sugar beets to laying pullets in England ^ 
has given satisfactory results. A greater supplement of protein 
was required for sugar beets than for potatoes. Sugar beet slices 
are more efficient to use in feeding ruminants and should not be 
used for poultry except in times of scarcity of carbohydrate- 
containing food. The apparent digestibility of the dried beet pulp 
was extremely low. 

“VELVET BEAN MEAL is ground velvet beans containing only 
an unavoidable trace of hulls or pods.” It contains a large amount 
of protein. Special feeding values for poultry have not yet been 
determined. 

YEAST. Dried yeast is the yeast of the botanical classifica- 
tions Saccharomyces, Torulopsis, or Dandida, which has been 
separated from the medium in which it was propagated and dried. 
It shall contain not less than 40 per cent crude protein. 

“Irradiated Yeast is yeast which has been subjected to ultra- 
violet rays in order to increase its antirachitic potency.” 

“Brewers’ Dried Yeast is the dried, nonfermentive, nonex- 
tracted yeast resulting as a by-product from the brewing of beer 
and ale and shall contain not less than 40 per cent of crude pro- 
tein on the moisture-free basis.” 

“Dried Torula Yeast is a yeast of the botanical classification 
Torulopsis whi^ has been separated from the media in which 
fit was] propagated and dried. It shall contain not less than 40 
per cent crude protein on the moisture-free basis.” 

"Grain Distillers’ Dried Y east is the properly dried yeast re- 
sulting from the fermentation oflpralns and yeast, separated 
from the mash, either before or after distillation.” 

“Molasses Distillers’ Dried Y east is the properly dried yeast 
resulting from the fermentation of molasses and yeast, sepa- 
rated from the medium, either before or after distillation.” 

Yeast, a rich source of the vitamin B complex, can be used in 
poultry rations for this purpose. Yeast can also be used to pro- 
duce a fermented mash. 

Adding yeast to a normal chick ration has shown no advantage 
in some experiments.”* In some cases*^ the growth rate has 
been Increased owing prob.ably to an increase in some of the nu- 
trients or to increased food consumption. 

Some feeding experiments'" with laying birds showed no ap- 
parent advantage in supplementing the regular laying ration witn 
commercial yeast or diastase from the slandpoinl of egg produc- 
tion, egg sire, body weight, mortality, or cost of Ic(*d per dozen 
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eggs. On the other hand, the Iceding of yeast-fermented mash 
and live yeast at the North Carolina Station"* resulted in higher 
egg production. The writers indicate that the feeding of yeast- 
fermented mash stimulated the appetite and led to higher feed 
consumption and to higher egg production. They also indicated 
that the enzymes of the live yeast were causative factors for 
higher production. Temperton and Dudley*^* reported fodder 
yeast as a satisfactory form for laying pullets. 


UNUSUAL POULTRY FEEDS 

Besides the more or less commonly used feedstuffs already 
discussed, a number of unusual products have been used or sug- 
psted for poultry rations, cither because they were cheap or 
‘nsredlenls could not be readily obtained. 
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fruits of the citrus family with or without the extraction of part 
of the oil of the peel. If calcium oxide or calcium hydroxide is 
added as an acid in processing, the maximum percentage pres- 
ent, expressed as calcium (Ca), must be stated. If it bears a 
name descriptive of its kind or origin, it must correspond 
thereto. 

“CITRUS SEED MEAL is a product principally of the seed of 
oranges and grapefruit singly or mixed, from which the major 
portion of the oil has been removed, and is composed mostly of 
kernel with such portion of the hull as is necessary in the manu- 
facture of citrus seed oil. It may contain small amounts of the 
seed of other varieties of citrus. It must be designated and sold 
according to its protein content." 

The Florida Experiment Station^" has reported on the use of 
citrus meal. In general, citrus meal was not a satisfactory com- 
ponent of chick rations. Pullets 8 to 20 weeks old utilized citrus 
meal fairly well. Up to 15 per cent of citrus meal could be fed 
to laying pullets with no ill effects. Citrus seed meal proved un- 
satisfactory for chicks, but when extracted could be fed without 
apparent ill effects. The California Station reported that orange 
peel and pulp meal was eaten readily by chicks at levels up to 
20 per cent of the ration, but the meal acted like an inert ingre- 
dient causing corresponding decreases in gain with increasing 
amounts of the orange peel and pulp meal. 

dried COFFEE GROUNDS have been reported by Hammond 
as being unsuitable for growing chickens. As little as 5 per cent 
was harmful. The deleterious effect could not be attributed to 
dilution of the diet. 

garbage. The shortage of feeds in England due to the 
war resulted in the feeding of household garbage to poultry. This 
product, known as kitchen waste, consisted of unavoidable food 
waste from households. Vegetable peelings, principally potato, 
supplied about two-lhlrds of the fresh material. Reasonably good 
egg production was obtained when large amounts of the dally dry 
matter was provided as seml-drlcd processed food waste. The 
droppings of the birds eating swill were molstor, but looseness 
was not so pronounced as to cause scouring or to affect the 
health of the birds. The swill rations were improved by supple- 
mentary protein or access to gra.ss runs. The weights of the 
groups of growing pullets (8 to 21 weeks old) that ate the swill 
were reasonably satisfactory. Scmi-drlcd towm food waste has 
beed fed with satisfactory results to female ducklings from the 
age of 2 weeks to tJjc laying stage. 
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The Hawaii Agricultural Experiment Station*^’ reported that 
raw garbage and processed garbage meal could be used in poul- 
try rations. Satisfactory and economical growth could be obtained 
by feeding ducks on raw garbage, when properly supplemented 
with a limited amount of commercial poultry mash or vitamin 
and mineral concentrates. The feeding of raw garbage necessi- 
tates spending considerable time In maintaining satisfactory 
sanitary conditions about the poultry house. It is essential to 
clean the feed troughs each day to prevent undesirable odors and 
attraction of flies. 


HEMPSEED MEAL has been reported as efficiently replacing 
cereal grains up to 20 per cent of the ration. 

MANURE. Hammond’** reported that cow manure had a 
mark^ beneficial effect on the growth of chicks If it was added 
to a diet deficient in riboflavin. It had no deleterious effect on 
^e growth of chicks if it was added to a completely balanced diet. 
Dried cow manure served as a partUl substitute for alfalfa leaf 
'"Sredient In turkey diets Ircsh cow manure, dried 
al so and 120 C.. «as tound to be a aatlslactory substitute for 
10 per cent of alfalfa leaf meal In a diet adequate In yitamln A 
and nearly adequate In rlboflatln. Dried sheep manure”’ has 
“ “ poaaibiltty 1 „ poultry rations. 

oil meal Is the ground residue from the 
k?rn.? r".k ' PPPPPafs or solvents from the 

^‘’‘^<■"^‘0 or Elnets melmococco ” 
tot m ord fiber 

tot much less bulky, was reported by Tempertun and Dudley*” 

for ™ P" to"! as substitutes 

for concentrated starchy foods. 

as to™ a ''f 1?"" ■'"P"''*'*** Py IPs California Station 

and totardSsZ to' 

Ita^^^n the^n^f ^ 1 ^ Preliminary experiments reported from 
increase in Erowlh ' u growing chickens, mdicated an 

cent for a oossTb “■« ooa,plete e,:- 

porM drlS^ rnm ‘"’"‘•‘“'y P™teu.s Hammond *” also re- 

Ical meal in rations lor S', rt? “ *‘“*“'‘* 

show'ltolvoSto^aoltf^™™”* '■'P'”’‘“» '■'Om England'" 
straw to pullets and ducks ^ ‘^^**stic soda extract of 

The highest level that could be used 
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without excessive scouring was 6 per cent, but this amount sig- 
nilicantly lowered egg production, 

SWEET LUPIN SEEDS. The seeds have a high content of 
crude protein, crude fat, and nitrogen-free extract. Experiments 
reported from Germany^®® indicate high digestibility of the seeds. 
In rearing poultry it was found that two-thirds of the animal pro- 
tein usually used could be replaced by sweet lupins. 

TAPIOCA MEAL has a high starch content. Experiments re- 
ported from England show that, as a wartime substitute for 
the more usual kind of poultry food, tapioca meal at a level of 
20 per cent proved suitable for the rearing of cockerels and pul- 
lets and even at higher levels of 40 and 50 per cent produced no 
discernible harmful effects but was less satisfactory. 

“DRIED TOMATO POMACE is a mixture of tomato skins, 
pulp, and crushed seeds resulting from the process of extract- 
ing the juice from tomatoes.” On the basis of its vitamin A, Bi, 
and B 2 content, Esselen and Fellers'” suggest that dried to- 
rnalo pomace should be considered as a desirable feed. It is 
palatable when fed at 10 to 15 per cent levels. 

WOOD SUGAR. Feeding ejqperlments with wood sugar, re- 
ported from Germany,'*'* Indicate that as much as 30 per cent 
can be Included In poultry mashes. 

OTHER FEEDS. Many feeds have been used locally in re- 
gions where they are produced. For example, the Hawaii Sta- 
tion**'’ reports that avocados, bananas, sweet potatoes, and taro 
waste were found to make economical supplemental feeds. Pol 
could be used but produced more expensive gains when fed to 
broilers. In the Philippines'** palay, taliup, and cassava refuse 
meal have also been fed to poultry. Other feeds'®^ used in 
poultry rations are adlay cereal, manioc meal, dried penicillin 
mycelium, algae, and raisins. 

Many feeds have been suggested as ingredients of poultry ra- 
tions which have not proven satisfactory. Besides cocoa bean 
meal, dried coffee grounds, and straw extract which have been 
previously mentioned, other feeds'®' w’hlch have been shown 
unsatisfactory are green banana meal, ground carob pod and 
bean, horse chestnuts and elderberries, dried sewage sludge, 
and hairy vetch seed. 

There are many products tlial arc used occasionally, and un- 
doubtedly other by-products that could be used will appear 
Unless there Is a shortage of feeds, or unless such products can 
bo obtained at a very low price, have been tried out. and c.an bo 
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obtained in sufficient amounts, it is probably best not to use 
them. There are normally available a choice of satisfactory 
feeds that are known and can be obtained in sufficient quanti- 
ties and at a reasonable price. It is, therefore, usually best 
to make up a poultry ration of those feeds, the feeding values 
of which have been demonstrated, unless one is willing to take 
a chance on the unknown. 
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CHAPTER 6 


POULTRY FEEDS — 

ANIMAL PROTEIN SUPPLEMENTS 


Poultry rations are composed largely of cereals and cereal 
by-products. It is necessary to include some protein concen- 
trates in order to satisfy the protein requirements. A wide 
variety of ingredients will serve this purpose. 


MEAT PRODUCTS 

"MEAT is the clean, wholesome flesh derived from slaughtered 
mammals and is limited to that part of the striate muscle which 
is skeletal or that which is found in the tongue, in the diaphragm, 
in the heart, or in the esophagus and docs not include that found 
in the lips, in the snout, or in the ears; with or without the ac- 
companying and overlying fat and the portions of SKin, sinew, 
nerve, and blood vessels which normally accompany the flesh. 

11 it bears a name descriptive of its kind it must correspond 
thereto. 

"The term ‘meat' when applied to the corresponding portions 
of animals other than cattle, swine, sheep, and goats shall be 
used in qualified form, as, for example, ‘horse meat,' ‘reindeer 
meat,’ ‘whale meat,' etc." 

Meat has been used largely in the diet because it possesses 
many desirable characteristics. It is very palatable, is easily 
digested, and also has a high nutritive value. It is rich in pro- 
tein and in such minerals as phosphorus and iron. 

Meat scraps and tankage' are prepared from the inedible por- 
tion of slaughtered animals and from entire carcasses of dis- 
eased and dead animals. The material is rendered to extract the 
fat, and the residues arc used for feed or fertihzer. The raw 
materials may be obtained from (1) slaughter houses, in which 
case it consists usually of cavity contents, trimmings, and 
cracklings, (2) dead animal rendering plants, (3) city fat smelt- 
ers, and (4) hotel and restaurant waste rendering plants. 

"MEAT MEAL OR MEAT SCRAP is the finely ground, dry- 
rendered residue from animal tissues exclusive of hair, hoof, 
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horn, blood, manure, and stomach contents, except in such 
traces as might occur unavoidably in good factory practice. 

When these products contain more than 4.4 per cent of phos- 
phorus (P), they shall be designated either ‘Meat and Bone Meal’ 
or ‘Meat and Bone Scrap.’ If the product bears a name descrip- 
tive of its kind, composition, or origin it must correspond there- 
to. It must be designated and sold according to its protein con- 
tent.” 

Meat scraps consist only of dry-rendered tissues and contain 
no blood or “stick.” In the dry-rendering process the materials 
are heated in steam-jacketed tanks. No water is added directly 
to the materials. The fat is removed, and the remaining cake or 
cracklings is ground to make the meat scraps. Meat scraps are 
high in protein, usually having about 45 to 60 per cent. Occa- 
sionally a product contains less than 45 per cent, especially when 
the bone content is unusually high. On the other hand, some meat 
scraps contain as much as 75 or 80 per cent protem. Ordinarily, 
the fat content is relatively low, and it should be practically free 
of fiber, ^ 


The nutritive value of these products* varies considerably, 
depending upon the kind of material from which they are made 
and the conditions of manufacture. For example, the organs of 
the body have higher feeding value than the other tissues. Meat 
products are also likely to contain varying amounts of connective 
tissue, made up largely of collagen or gelatin which is deficient 
in such amino acids as tyrosine, cystine, and tryptophan Meat 
scraps or meat meal from various manufacturers may not give 
the same rate of growto, even when fed at the same protein level. 

The biological value of the nitrogen of pork tenderlom has 

that of pork cracUings, consist- 
ing largely of connective tissue, was found to be 25. The biologi- 
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A high free fatty acid content of meat scraps® is not neces- 
sarily a true factor for the evaluation of the product, but gen- 
erally Is not desirable. Meat scraps high in free fatty acids have 
been shown"^ markedly to increase the death rate, to decrease 
the rate of growth and feed consumption, and to retard calcifica- 
tion. The evidence presented indicates that the inferior results 
are probably not so much attributable to the free fatty acids, per 
se, but to an inactivation of vitamin A and, to a lesser degree, of 
other fat-soluble vitamins, presumably owing to oxidation. The 
formation of free fatty acids is accelerated by increased tem- 
perature, especially when it is accompanied by an increase in 
the moisture content. It would appear that the acidity of the fat 
is increased through the presence of fat-splitting enzymes, most 
active around temperatures of 80® to 90® F. Although a low free 
acidity of the fat gives no assurance that a meat scrap is de- 
sirable in every respect, a high acidity at once indicates an in- 
ferior product. To that extent the free fatty acids of meat scraps 
can be used as a criterion for the quality of the product. 

Meat scraps as compared with fish meal are likely to be lower 
in available lysine, methionine, cystine, and tryptophan.® 

“DIGESTER TANKAGE, MEAT MEAL TANKAGE, OR FEED- 
ING TANKAGE Is the finely ground, dried residue from animal 
tissues exclusive of hair, hoof, horn, manure, and stomach con- 
tents, except in such traces as might occur unavoidably in good 
factory practise, especially prepared for feeding purposes by 
tanking under live steam or by dry-rendering or a mixture of 
the products. When these products contain more than 4.4 per 
cent of phosphorus (P), they must be designated ‘Digester Tank- 
age with Bone,’ 'Meat and Bone Meal Digester Tankage,’ ‘Meat 
and Bono Meal Tankage,’ or ‘Feeding Tankage with Bone.’ If the 
product bears a name descriptive of its kind, composition, or 
origin. It must correspond thereto.” 

Tankage is similar to meat scraps In that it is also made from 
the residue of animal tissues. However, it is usually prepared 
under the wet process known as tanking. The raw material Is 
cooked under live steam; the grease is removed; and the product 
is dried at a very high temperature and ground to a granular 
meal. The liquid Is evaporated down and is known as “slick.” 

The residue contains about 45 per cent protein and usually has 
added to it “slick” and blood to raise the protein to about 60 per 
cent. Tankages are usually the product of the wet process, al- 
though they may bo that of the dry process to which blood and 
stick have been added. Tankages ordinarily arc very dark colored. 
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They are also likely to contain more of the fiber because of in- 
clusion of the contents of the digestive tract. As far as protein 
is concerned, they usually run around 60 per cent, which is 
somewhat higher than meat scraps. 

The tankages are not so palatable as the meat scraps and have 
generally not given such good results for growth,® although very 
favorable results have been reported for mature birds. The re- 
sults obtained depend largely upon quality and palatability. The 
deficiency has been reported as being probably tryptophan. 

The question still remains whether meat meal should contain 
the ‘•stick.” Tests at the Institute for Animat Physiology* at the 
Agricultural High School at Berlin'® indicated that the presence 
of “stick” or ••extract” in animal meal has an irritating effect 
on the digestive organs of animals. The United States Depart- 
ment of Agriculture" reported that liquid stick and a mixture of 
blood meal and stick in the diet seemeo to cause an increased 
embryonic mortality throughout the incubation period. 

There is undoubtedly greater i-ariation in tankages than in 
meat scraps, ranging all the way from those that are prepared 
specially for feeduig purposes to those that are not fit for feed- 
ing purposes and are Intended only for fertilizer. 

“MEAT BY-PRODUCTS consist of any nonrendered, clean, 
wholesome part of the carcass of slaughtered mammals other 
than meat, such as lungs, spleens, kidneys, brains, stomach and 
intestines free from their contents; it does not include skin, 
horns teeth, hoofs, and bones. If it bears a name descnptne of 
its kind it must correspond thereto. 

“The term ‘meat by-products' when applied to the correspond- 
ing portions of animals other than cattle, swme, sheep, and goats 
sh^l be used in qualified form, as, for ejtample, ‘horse meat by- 
pr^ucts.’ ‘reindeer meat by-products,' ‘crab meat by-products,’ 
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Jack rabbits have been suggested as a source of fresh meat in 
New Mexico. The meat was fed by lianging the cleaned car- 
casses in the yards, where the birds could pick the meat from 
the bones. Egg production was satisfactory when the laying flock 
was fed only grain and raw rabbit meat. 

LIVER MEALS 

“ANIMAL LIVER MEAL is the product obtained by drying and 
grinding liver from slaughtered mammals. This product must 
contain at least 27 milligrams of riboflavin per pound.” 

“ANIMAL LIVER AND GLANDULAR MEAL is the product ob- 
tained by drying and grinding liver and other glandular tissue 
from slaughtered mammals. At least 50 per cent of the dry 
weight of the product must be derived from liver, and the prod- 
uct must contain at least 18 milligrams of riboflavin per pound.” 

“EXTRACTED ANIMAL LIVER MEAL is the product obtained 
by drying and grinding the residue of animal liver tissue from 
which a large portion of the vitamins and/or minerals have been 
removed.” * 


MILK PRODUCTS 

MUk is valuable for poultry because of Its vitamins, lactose, 
minerals, and proteins. 

Skimmilk or buttermilk in any form provides riboflavin and 
associated factors wlilch are very important, especially for 
growing chicks. 

About one-haU the dry matter of skimmilk or buttermilk is 
composed of lactose or milk sugar. Milk begins to “sour” when 
ccrlaln acId-produclng bacteria start a fermentation of the lac- 
tose and change a small part of it to lactic acid. Lactose favors 
the development of acid-producing bacteria in the intestines, and 
through the multiplication of these “friendly germs” the objec- 
tionable putrlfactlve bacteria arc suppressed, thus providing 
good Intestinal hygiene. In tests reported from Ohio‘* the /jH of 
the centonts of the duodenum and ileum was shown to be In- 
creased, while the />II of the cecal contents u'as markedly de- 
creased by the use of milk. The cecal contents present a char- 
acteristic firm, brownish, pultaceous mass when birds are fed 
upon mllk-froe rations. This ln\'arlably changes to a yellow, 
creamy, frothy mass when birds arc fed upon rations containing 
milk products. Lactose also seems to function In some v^-ay in 
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the assimilation of minerals, especially of calcium and phos- 
phorus. It has been suggested,^® however, that the use of prod- 
ucts rich in lactose be restricted, since in the hen glycogen is 
either not produced from lactose or is produced only in minimal 
amounts, more than I /2 of the lactose being excreted unchanged. 

Part of the beneficial action of milk may be due to the im- 
provement of the mineral Intake, especially sodium, chlorine, 
and calcium, in which grains are deficient. 

Milk proteins, composed chiefly of casein, lactalbumin, and 
lactoglobulin, are of excellent quality and easily digested. They 
function efficiently in supplying the body needs. 

Milk in any form adds palatabillly to a ration and therefore 
tends to increase the feed consumption, which in turn is likely 
to increase growth and egg production. 


MILK FOR CHICKS. Milk as a part of the chick ration has 
resulted in many benefits. The early experiments on the feeding 
of chicks have dealt almost entirely with a comparison of milk 
and meat scrap as sources of animal protein. A study of 36 

reported from various experiment stations” showed 
all In fawr of milk. The maximum benefit fVom milk is obtained 
during the first 2 months of the chick’s life.** 

1 Co^^ticut Station” reported that milk feeding stimu- 
1., ^ ^ reduction in deaths from general 

causes, that the chicks were larger, stronger, and more vigor- 
ous, and that there a reduction In the death rate from bacil- 
diarrhea. The Indiana Station* reported that milk 
\ chicks less susceptible to disease and hence 
conS^menT the chicks were raised in 
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tory substitutes for dried sklmmilk in chick rations have been 
made by supplying the nutrients furnished in milk. Hammond 
and Titus^^ used different mixtures of alfalfa leaf meal, dried 
whey, B-Y feed, fish meal, meat scrap, and peanut meal as sub- 
stitutes for dried skimmilk. Nikolaiczuk and Maw^® found that 
a combination of dried brewers’ yeast and fish meal satisfac- 
torily replaced dried skimmilk. 

MILK FOR HENS. Milk, including the liquid, condensed, and 
dried forms, has proved to be a very effective protein feed as 
far as egg production is concerned. Comparing milk with the 
meat products, we find that most of the experiments favor the 
birds receiving milk. 

Several stations*® have reported favorable results on a mash- 
less ration, in which only grain was fed, with an abundant supply 
of either the liquid milk or semi-solid buttermilk. 

The Washington Station** reported improved hatchabillty when 
powdered whey, condensed buttermilk, and condensed buttermilk 
containing cereal grasses were fed as supplements to a breeding 
hen ration. Balance studies*® to determine the biological values 
of the proteins in feeds showed that the value of a basal mash 
plus milk was significantly higher than that of earthnut mash and 
soy mash. 

Milk Is also reported as producing larger eggs than meat (see 
Chap. 9). 

LIQUID MILK may be used where it is available on the farm 
or can be readily obtained near by. It is usually given as a drink. 
When feeding pullets or laying hens, buttermilk or skimmilk may 
be used In place of meat scraps, 12 to 14 quarts being allowed 
for 100 hens each day. It is more economical, however, to keep 
some protein concentrate in the mash. 

In considering the amount of milk to feed, the Kentucky Sta- 
tion reports that 1 gallon of milk had the same value as 1 pound 
of meat scrap. The Indiana Station** reports that Leghorn pul- 
lets consumed 93 pounds of skimmilk per year. 

Extensive trials conducted in Germany*® and experiments re- 
ported from Norway*’ have shown the value of feeding skimmilk 
to laying hens. 

No different results have been obtained when feeding chickens 
on sweet milk, naturally soured milk, artificially soured milk, 
or milk to which lactic acid was added. Sour milk is probably 
preferable since it is difficult to keep milk sweet when it is ex- 
posed to high temperature, and because the acid taste seems to 
make it more appetizing. The Idaho Station** reports sweet 
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skimmilk as having a tendency to cause digestive disorders. 

It IS more difficult to maintain sanitary conditions when liquid 
milk is fed. During the summer months, flies are likely to be 
present around the milk vessels in large numbers. Flies are 
one of the intermediate hosts of tapeworms. The Kansas Station 
reported that 91.1 per cent of the hens fed liquid milk were in- 
fested with tapeworms as compared with 51.3 per cent of those 
receiving no liquid milk. The infested birds also showed a higher 
degree of infestation. The reverse was true for round and ceca 
worms, 

“EVAPORATED BUTTERMILK. CONCENTRATED BUTTER- 
MILK. or CONDENSED BUTTERMILK is the product resulting 
from the removal of a considerable portion of water from clean, 
sound buttermilk derived from natural cream to which no for- 
eign substances have been added excepting such as are permitted 
and necessary in the manufacture of butter. It shall contain not 
less than ,055 per cent of butterfat for each per cent of solids, 
and not more than ,14 per cent of ash for each per cent of solids.' 

“CONDENSED SKIMMED MILK is the product resulting from 
the removal of a considerable portion of water from clean, sound 
skimmed milk. It shall contain not less than 27 per cent of total 
solids." 


CULTURED SKIMMED MILK, CONCEN- 
CULTURED SKIMMED MILK, or CONDENSED CUL- 
URED SKIMMED MILK is the product resulting from the re- 
moval of a considerable portion of water from clean, sound 
Skimmed milk which has been cultured by a suitable culture of 
actic bacteria. It shall contain not less than 27 per cent of total 
solids." 

Condensed buttermilk or skimmilk has been used to advantage 
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“DRIED SKIMMED MILK is the product resulting from the 
removal of water from clean, sound skimmed milk. It shall con- 
tain not more than 8 per cent of moisture.” 

The Pennsylvania Experiment Station^ reported that the most 
efficient gains in body weight, on the basis of dried skimmilk 
intake, were made by the chicks receiving the 1.25 and the 2.5 
per cent levels. From the standpoint of egg production, egg 
weight, and hatchability, the most efficient performance by lay- 
ing pullets occurred at the 2.5 and 5 per cent levels. Results at 
the 2.5 and 3.75 per cent levels were essentially as satisfactory 
as the higher levels. 

“DRIED CULTURED SKIMMED MILK is the product resulting 
from the removal of water from clean, sound skimmed milk 
which has been cultured by a suitable culture of lactic bacteria. 

It shall contain not more than 8 per cent of moisture.” 

WHEY in liquid form is not much used in poultry rations. It 
contains little protein. The dry matter of whey is mostly milk 
sugar. It can be used, when available in the natural state, for 
moistening mashes or it can be given to the birds as a drink. 
Results at the Idaho Station^* show a production of 106 eggs for 
whey, as against 89 for no animal protein and 146 for the pen 
receiving skimmilk. It is probable that the vitamin content could 
be more fully utilized if some compensation were made for the 
protein. 

“DRIED WHOLE WHEY is dried, clean, sound cheese and/or 
casein whey. It shall contain not less than 65 per cent of lac- 
tose.” Because of its high milk sugar content, dried whey or 
milk sugar feed was of special value in rations for the control 
of coccidiosis. It is an important source of riboflavin and other 
water-soluble vitamins. It has also been suggested that it con- 
tains an unidentified growth factor. Because of its laxative na- 
ture the amounts fed must be restricted, 10 per cent being the 
maximum amount recommended.®® 

“CONDENSED WHOLE WHEY is the product resulting from 
the removal of a considerable portion of water from clean, sound 
cheese or casein whey, either or both. It shall contain not less 
than 62 per cent of total whey solids. When this product contains 
less than 62 per cent of total whey solids, it shall be designated 
‘condensed whey, . . . per cent solids.’” 

“CONDENSED WHEY SOLUBLES is the product resulting from 
the removal of albumen and the partial removal of milk sugar 
from clean, sound whey, to which no foreign substances have been 
added except suchasarenecessary In the manufacture of milk sugar. 
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“DRIED WHEY SOLUBLES Is the product resulting from the 
removal of albumen and the partial removal of milk sugar from 
clean, sound whey, to which no foreign substances have been 
added except such as are necessary in the manufacture of milk 
sugar.” 

“DRIED MILK ALBUMIN Is the dried coagulated protein frac- 
tion separated from whey. It shall contain not less than 75 per 
cent protein (N x 6.25) on a moisture-free basis.” Milk albumin 
results as a by-product in the manufacture of milk sugar. It 
contains most of the casein and albumin of the milk. It usually 
contains about 45 per cent protein and 25 to 30 per cent ash, al- 
though some products have a much higher percentage of protein. 
It has been used with favorable results as a source of protein in 
poultry rations.*"' 

“CASEIN (FEEDING) Is the product resulting from acid or 
rennet precipitation of skimmed milk. It must contain at least 
80 per cent of crude protein.” Its cost limits its use to experi- 
mental rations. With a lower relatl\'e cost it could be used in 
poultry rations as a source of protein.® 

COTTAGE CHEESE is not used to any extent in poultry feed- 
mg. It is a valuable feed, however, and can be used. The Arizona 
Experiment Station reported on a method for preserving skim- 
mllk curd on the farm by adding formalin. Curds, conserved in 
chickens without any danger. 

CHEESE MEAL has been reported as giving good results in 
poultry rations. 


different forms about equally satisfacto- 
® iofms to use will depend upon convenience of obtam- 
ing them, the feeding system, and the cost. The price one can 
forms of milk depends to a large 
protein^*' * ° solids each contains and the percentage of 


Form 

Liquid milk 
Condensed milk 
Dried milk 


Per Cent Solids 
7 to 9 
28 to 30 
90 to 95 


Per Cent Protein 
3 6 
12 0 
35.0 


Remits forms of milk can be fed to young stock.'** 

coTnared ‘^ried buttermilk as 

give better results fh* liquid milk was reported to 

between liomri a ' ^ ™ reports no significant difference 
Between hqn.d, condensed, and dried m.lk. In feedcg ch.cks at 
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Cornell, it was found that there was little difference in growth 
due to the form of milk that was used. The Connecticut Station 
reports sweet and sour milk of about equal value, with probably 
a slight preference for the sour milk. 

In the comparison of the different forms of milk for hens, 
there was generally no difference in the results. However, the 
Washington Station"*’ reported liquid skimmilk superior to milk 
powder and other forms of protein. 

MARINE PRODUCTS 

In this category the fish meals are the most important. Fish 
meal was formerly utilized only as fertilizer, but, with improved 
methods of handling, better products are available. 

“FISH MEAL is clean, dried, ground tissues of imdecomposed 
whole fish or fish cuttings, either or both, with or without the 
extraction of part of the oil. If it contains more than 3 per cent 
of salt (NaCl) the amount of salt must constitute a part of the 
brand name, provided that in no case shall the salt content of 
this product exceed 7 per cent.” 

“FISH RESIDUE MEAL Is the clean, dried, undecomposed 
residue from the manufacture of glue from non-oily fish. If it 
contains more than 3 per cent of salt (NaCl) the amount of salt 
must constitute a part of the brand name, provided that in no 
case shall the salt content of this product exceed 7 per cent.” 

The product obtained from fish or fish waste which is suitable 
for animal consumption is usually called fish meal.^^ The prod- 
ucts which are fit only for fertilizer are called fish scrap or 
fish guano. 

CLASSES OF FISH MEAL. Two general classes of fish meal 
are produced in the United States: 

1. White Fish Meal , which is low in fat and hence called lean 
fish meal, made principally from the cod, halibut, hake or ling, 
whiting, haddock, plaice, sword, and tuna, utilizing only the non- 
edible portions of edible fish, such as heads, backs, and fins, or 
whole unusable or unsalable fish. 

2. Dark Fish Meal , which is made from fish rich in oil, such 
as the herring, menhaden, sardine, pilchard, and mackerel (in 
which case the whole fish is generally used), and from the wastes 
from the shrimp- and salmon-canning industry. Oily fish are 
usually treated to recover a greater or lesser portion of the oil 
and the residue dried and ground. 

COMPOSITION OF FISH MEALS. Fish meal is a feed that 
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contains a large amount of protein and also a large proportion 
of ash or bone-forming material. It contains a relatively large 
amount of iodine. A good fish meal will show approximately the 
following composition: 


Per Cent 


Protein 55-60 

Phosphate of lime lB-25 

Other minerals 3_5 

Oil 2-5 

Moisture 10-14 


There is considerable variation in composition, mechanical 
condition, and other physical characteristics, depending upon 
source of the raw material and the process of manufacture. 

ea s are produced both by the vacuum and by direct heat proc- 
esses. ■' ^ 


’™c»“ni-drled haddock meal hace been 
^ Vitamin A, whereas flame-dried and steam-dried 
““'’'s Vitamin," Growth ex- 

?am™ protein in the vacuum-dried cod and the 

™e nam’e-d?.? “i ®“P®'-'“'- i" q>>Pllty to that of 

anuearpn In n tnenhaden, while the steam-dried menhaden meal 
dIcations intermediate place. There were also in- 

mofe 01 tte i the vacuum-dried product was superior In one or 
”t vaculm-dHed a""’ ® The proteins 

superior in hnth a fui'' ®t®tttn-dried meal have been reported 

flame-dried menhaden S 
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m n D ? n ‘ ‘’'"'"•=6= »< fat was the must potent in vita- 
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98; flame-dried white fish ^lomestic sardine meal, 

meal and Asiatic sardine mraT gi n®*”" '‘"h 
meal, 80. The relative v,K.wn ^^®™e-dried menhaden fish 

dried skimmilk rated as 191 content of these meals (with 
10; domestic sardine meal 

‘‘I. », steam-dried and flame-dried 
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white and menhaden fish meals and Asiatic sardine meal, 5. The 
Texas Station^’ also reported that vacuum-dried fish meal gave 
the best results of any of the protein feeds studied, when used 
as a supplement to any two other protein feeds. 

Also in a study to determine the effect of the manufacturing 
process upon nutritive values, it was shown at Cornell'*® that 
dry-rendered haddock meals possessed a greater protein value 
and 50 per cent more riboflavin than those wet-rendered by 
similar processes of drying. A flame-dried meal was of inferior 
value. The use of vacuum drying with steam drying materially 
preserved the riboflavin content but did not improve the relative 
protein efficiency over that obtained without the use of vacuum. 
Overheating^® fish meal during drying depresses the availability 
of the amino acids. 

In comparing salmon fish meals, a Columbia River salmon 
fish meal, with a high fat content, and secured late in the fall, 
was distinctly inferior tn quality to the other meals. 

HERRING MEAL is not so desirable as some others for poul- 
try feeding. It is darker in color, contains more oil, and varies 
considerably in quality and composition. The two variables are 
salt and oil, large amounts of either being undesirable. 

USE OF FISH MEALS. Fish meals may not be so palatable 
as some other animal protein concentrates. There is risk of 
taint to the flesh and product when large quantities are used, 
especially those with a high oil content. However, they have 
given good results when used in chick rations.*^ 

“CRAB MEAL is the undecomposed ground dried waste of the 
crab and contains the shell, viscera, and part or all of the flesh. 
It shall contain not less than 25 per cent of protein. If it con- 
tains more than 3 per cent of salt (NaCl) the amount of salt must 
constitute a part of the brand name, provided that m no case 
shall the salt content of this product exceed 7 per cent.” 

Average samples of crab meal run about 28 per cent protein. 
The calcium carbonate content is high, running over 40 per cent. 
In feeding trials, it has been shown to compare favorably with 
meat meal and fish meal.*^ Hairy crabs” have been reported 
as not being satisfactory as an albuminous food, owing probably 
to the high ash content (about 40 per cent). 

“SHRIMP MEAL is the undecomposed ground dried waste of 
the shrimp and contains the head, hull, or the whole shrimp, 
either or in mixture. If it contains more than 3 per cent of salt 
(NaCl) the amount of salt must constitute a part of the brand 
name, provided that in no case shall the salt content of this 
product e.xceed 7 per cent.” 
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Shrimps are a valuable food compared with meat meal.*^ The 
feeding ^•alue of sun-dried shrimp meal for poultry is consider- 
ably less than steam-dried (or other unsalted) shrimp meal.*^ 
The protein content of shrimp meal runs close to 50 per cent, 
which makes it a valuable concentrate.** Shrimps are also rich 
in iodine. Chicks fed shrimp “bran," to the extent of 10 per 
cent of a ration, did not grow quite so well as chicks fed fish 
meals or meat meal.** 

LOBSTER MEAL is less valuable tham shrimp meal but may 
be a useful food for poultry." 

STARFISH MEAL, prepared from the sUrfish {Asterias for- 
28 per cent protein and 60 per cent ash. 
\Vhen calcium and phosphorus are adjusted, it compares 
favorably with fish meal and meat scraps in feed efficiency 
and in the production of shank pigment. The high mineral con- 
'•“"‘“S' I’O “sed In a chick ration to 

mla Proliably less of the nutritional tac- 

Tic r°‘' '“"’"tag and dermatosis of the feet 
remrM hu J'af m tltT-renderlng methods, teas 

protein n Station” as having little value as a 

«h a*'® ot^r hand, wet process meal, prepared 

with pilchard fish gross protein values comparable 

flesh ol L lht^. »>« clean, dried undecomposed 

contain “ ““ haa been extracted. U .t 

must constitute . ^ F^r tNaCI) the amount of salt 

mafe mfa! m ’ P'r cent 

fat content) has (free from bone and of very low 

pouU.?.” ’ <° Poaaess good feeding value for 

SHARK MEAL has been renortpri® f 
greatly when 10 per cent of ^ ^crease the egg yield 

ration. It has also mvr, j product is added to a cereal 
rations, o Eiven good results as a supplement in chick 

the oil has livers after 

and is ordinarily not used on 50 per cent protein 

possible source of tMs ^f but it is a 

of fat, which gives it ifct a ^ contains a large amount 

cod liver meal has been rejJ^rtrt to bTl“'' PrP'cto from 
protein of buttermilk, [ish Sm,. a^d "r'a"p 
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“FISH LIVER AND GLANDULAR MEAL Is the product ob- 
tained by drying the complete coelomlc contents of the fish. At 
least 50 per cent of the dry weight of the product must be de- 
rived from fish liver and the product must contain at least 18 
milligrams of riboflavin per pound." 

“CONDENSED FISH SOLUBLES Is the product obtained by 
condensing the water resulting from the hydraulic extraction of 
oil from fish." 

Favorable results** have been reported in the use of con- 
densed fish solubles and other fish water products in chick and 
poult rations, especially those composed largely of corn and 
soybean oil meal. The supplementary value of these products 
was due largely to water-soluble factors, rather than the pro- 
tein content. Condensed fish solubles contain an unidentified 
factor not present In vegetable proteins. 

CONDENSED WHALE SOLUBLES®^ have also been shown to 
bo of value as a supplement in poultry rations. 

“HOMOGENIZED CONDENSED FISH Is a partially dehydrated, 
homogeneous product made from fish and/or fish cuttings, from 
which a part of the oil may have been removed. It shall contain 
not less than 50 per cent of total solids." 

SHELLFISH MEAL Is a product made from blue mu.sscls. It 
has boon rcporlcd to give favorable results In poultry railon.s In 
Denmark. The protein content Is only 11 to 12 per cent. 

SEAWEED MEAL containing about 7 per cent protein has boon 
reported as an excellent food for hens In Norway. Howc\cr, it 
has considerable fiber and probably cannolbc fed in largoamounts. 

KELP MEAL. Most of the kelp or seaweed meal la manufac- 
tured from the plant brown kelp of the Pacific Coa.st The kelp 
Is harvested by an c.speclaUy adapted type of mowing machine 
This wet kelp Is then dried and ground Into meal, which. In ap- 
pearance, resembles alfalfa meal. Us principal value is as a 
mineral supplement. Ulien fed to layers at a level oI 10 per c ent 
it prcKluced damp dropping.^.** Chicks tolerated up to 10 percent. 

BLOOD PRODUCTS 

There is probably r.olhtng that the hen likes better than fresh 
btwd. Tills rre.ai liking for fresh blooc] oflen results in severe 
tjue t(» various forms of cannibalism 
f RKyil D1XX)D hajs been fed |o ducks. |>u)Jf Js. a-.d he.ns *’ tlje 
ft-fHi by the Western Washington Experlmmi Statnv; 

•as a regular slaughter house prwluct, sold commerrially u'^-5»*r 
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Shrimps are a valuable food compared with meat meal.** The 
feeding value of sun-dried shrimp meal for poultry is consider- 
ably less than steam-dried {or other unsalted) shrimp meal.** 
The protein content of shrimp meal runs close to 50 per cent, 
which makes it a valuable concentrate.** Shrimps are also rich 
in iodine. Chicks fed shrimp “bran,” to the extent of 10 per 
cent of a ration, did not grow quite so well as chicks fed fish 
meals or meat meal.** 

LOBSTER MEAL is less valuable tham shrimp meal but may 
be a useful food for poultry.** 

STARFISH MEAL, prepared from the starfish (Asterias for- 
o^i), contains about 28 per cent protein and 60 per cent ash. 
\Vhen the calcium and phosphorus are adjusted, it compares 
favorably with fish meal and meat scraps in feed efficiency 
fr » n production of shank pigment. The high mineral con- 
tent limits the quantity that can be used In a chick ration to 
.V''' starlish meal con- 

mrn iM. rlbollavln but probably leas ol the nutritional lac- 
f"'"' '“‘'>'^>”6 “ti dermalosls of the feet, 
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“FISH LIVER AND GLANDULAR MEAL is the product ob- 
tained by drying the complete coelomic contents of the fish. At 
least 50 per cent of the dry weight of the product must be de- 
rived from fish liver and the product must contain at least 18 
milligrams of riboflavin per pound." 

“CONDENSED FISH SOLUBLES is the product obtained by 
condensing the water resulting from the hydraulic extraction of 
oil from fish.” 

Favorable results®* have been reported in the use of con- 
densed fish solubles and other fish water products in chick and 
poult rations, especially those composed largely of corn and 
soybean oil meal. The supplementary value of these products 
was due largely to water-soluble factors, rather than the pro- 
tein content. Condensed fish solubles contain an unidentified 
factor not present in vegetable proteins. 

CONDENSED WHALE SOLUBLES®’ have also been shown to 
be of value as a supplement in poultry rations. 

“HOMOGENfZED CONDENSED FISH is a partially dehydrated, 
homogeneous product made from fish and/or fish cuttings, from 
which a part of the oil may have been removed. It shall contain 
not less than 50 per cent of total solids." 

SHELLFISH MEAL is a product made from blue mussels. It 
has been reported to give favorable results in poultry rations in 
Denmark. The protein content is only 11 to 12 per cent. 

SEAWEED MEAL containing about 7 per cent protein has been 
reported as an excellent food for hens in Norway. However, it 
has considerable fiber and probably cannot be fed in large amounts. 
Kelp meal. Most of the kelp or seaweed meal is manufac- 
tured from the giant brown kelp of the Pacific Coast. The kelp 
>s harvested by an especially adapted type oS mowing machine. 
This wet kelp is then dried and ground into meal, which, in ap- 
pearance, resembles alfalfa meal. Its principal value is as a 
fttineral supplement. When fed to layers at a level of 10 per cent 
^ produced damp droppings.*^ Chicks tolerated up to 10 percent. 


BLOOD PRODUCTS 

There is probably nothing that the hen likes better than fresh 
iood. This great liking for fresh blood often results In severe 
o^es due to various iorms of cannibalism. 

fresh blood has been fed to ducks, pullets, and hens.®’ The 
resh blood used by the Western Washington Experiment Station 
Was a regular slaughter house product, sold commercially under 
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the term “blood sausage” blood. It was an edible blood produced 
under government inspection, was practically free of bacteria, 
and had all the fibrin removed so that It would not coagulate. 

“Bl/)OD MEAL is ground, dried blood.” 

“BLOOD FLOUR is dried blood, prepared by special proc- 
esses and reduced to a fine powder.” 

The dried blood is very high in protein (approximately 70 per 
cent) ^t as the only source of protein does not give good re- 
sults. This failure is probably due to unpalatability, decrease 
in digestibility attributable to the manufacturing process, and 
low biological value of its protein. Grau and Almquist®^ reported 
that the serum and fibrin fractions of beef blood are of much 
better quality than the blood cell fractions. However, the blood 
cell fraction will support chick growth when supplementea with 
iso eucine. Mixtures of blood cells and corn gluten meal gave 
satisfactory growth results. In the practical tests (20 per cent 
this mixture furnished 60 per cent of the 
pro ein the gains made were nearly as good as those made 
Vihen sardine meal furnished the protein. 

BONE PRODUCTS 

'“"sists ot fresh bones, wllh more or less 
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just enough to remove excess fat and meat. It shall contain not 
more than 25 per cent protein and not less than 10 per cent 
phosphorus (P). The label shall include a guarantee for protein, 
calcium (Ca), and phosphorus (P).” 

Bone meal or granulated bone Is ordinarily not used as a 
source of animal protein but is considered as a mineral product 
furnishing calcium phosphate. The raw bone contains consider- 
able protein, but it is of low biologic value and has not given 
satisfactory egg production.®* (For other bone products which 
are phosphorus carriers see Chap. 7.) 

EGG PRODUCTS 

EGGS are a possible source of animal protein although they 
are too costly for this purpose. However, incubator infertiles 
have long been recognized as a valuable feed for chicks, and are 
thus used,’® The infertile eggs can also be boiled hard, run 
through a food chopper without removing the shells, and mixed 
with enough mash to keep from being sticky. 

ALL-EGG MEAL’‘ Is a product used with favorable results 
as a source of protein. It may be made from the by-products of 
hatcheries consisting of the infertile, dead-germ, and dead-in- 
the shell eggs. The eggs are boiled, passed through a sausage 
mill or food chopper, mixed with mash and fed, or dried and re- 
ground into a meal. The final product contains about 35 per cent 
protein, 30 per cent fat, and 30 per cent minerals. 


MISCELLANEOUS ANIMAL PRODUCTS 

INSECTS. On range, the birds have opportunity to eat the 
natural animal foods, which are insects and worms. Poultry is 
fond of worms, larvae, grubs, and beetles. They could be used 
as food, but, naturally, where large numbers of birds are in- 
volved, it is not practical to furnish them. It is not advisable 
that poultry eat too much of this class of food. 

LIVE SNAILS, which contain about 20 per cent protein, have 
been reported as giving favorable results when fed to ducks. 

SILKWORM CHRYSALIS FLOUR, a by-product of the silk in- 
dustry, has been reported from Italy” as being an excellent 
substitute for meat and fish meals. It contains about 54 per cent 
protein. Unexlracted silkworm pupae meal, when used as the 
sole protein concentrate In Germany,” did not prove satisfac- 
tory. Since the pupae contain a large amount of fat, the silk- 



174 


FEEDING POULTRY 


worm pupae meal should be fed after the fat has been removed. 

ANT EGGS consist really of the pupae and not the cgE^s. They 
have been used by game-keepers, especially In Europe. They 
can be used either fresh or as a seml-dried preserves for 
poultry or winged game. 

LOCUST MEAL,’* which contains about 45 per cent protein, 
has been reported as a possible source of protein for chicks, 
since it has proved to be as palatable as fish meal. However, it 
is not so efficient as fish meal. The consumption of grasshop- 
pers by turkeys has been reported as causing mortality. This 
was thought to be due to an enteritis caused by the legs of the 
insects. 

HYDROLIZED TANNERY WASTE, a product obtained by hy- 
drollzing waste resulting from the scraping of hides in tanner- 
ies and containing 44.7 per cent crude protein, was reported by 
the California Station’* as producing 10 per cent fewer eggs than 
meat scrap. 

HYDROLYZED FEATHERS as a feed for chickens were used 
at the Kansas Station.” It seemed to delay molting in hens for 
a short time, The conclusions drawn were that hydrolyzatlon 
was too expensive and added nothing of importance to present- 
day rations. The Iowa Station** reported that the addition of 
sodium sulphide-treated feathers lo a basal cereal diet resulted 
in a rate of growth slgnificanlly greater than that produced by 
the basal diet. Feathers contain a large amount of cystine and 
supplement corn oil meal. 

“POULTRY BY-PRODUCT MEAL consists of the nonren- 
dered, clean, wholesome parts of the carcass of slaughtered 
poultry, such as head, feet, undeveloped eggs, gizzard and in- 
testines exclusive of feathers, and gizzard and intestinal con- 
tent.” Chicken scrap thus produced has been reported as com- 
paring favorably*‘ with two other sources of supplementary 
protein when fed to chicks for 8 weeks. 

HOOF MEAL was fed to hens by the Missouri Station*^ but did 
not prove an adequate source of protein Production was only 
75 eggs as compared with 128 for sour milk. 

The Wisconsin Station*’ concluded that chicks are able to 
utilize powdered swme hoofs when finely ground and mixed with 
other protein feeds. It “teams” well with soybean oil meal. It 
appears to be a satisfactory substitute for meat scraps and fish 
meaWn practical chick rations. The Ontario Agricultural Col- 
lege reported that hoof and horn meal was a fairly adequate 
substitute for 5 per cent of meat meal, when the ration contained 
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5 per cent of fish meal and 3 per cent of dried buttermilk, but 
was not satisfactory in the absence of fish meal. It did not ex- 
hibit any supplemental effect when fed in combination with corn 
gluten feed, sunflower seed oil meal, soybean oil meal, or lin- 
seed oil meal. All the vegetable proteins were markedly supe- 
rior to the hoof and horn meal. 

PROTOZOA OF THE RUMEN. Experiments, reported from 
Italy,®® indicate nutritive values for the dried ciliate infusoria 
from the rumen of a sheep and from dried bacteria from the 
same source. The favorable influence is attributed to the pro- 
tein contributed by the supplements. 

UREA. Experiments reported from Germany®® indicated that 
amide flakes could not replace or save albumin in rations for 
hens. High percentages of amide were eaten with relish and did 
not cause any disturbance of health. The Wisconsin Station” 
reports that simple nitrogen compounds, such as urea, can be 
used in calf rations as a substitute for protein, but not in ra- 
tions for chicks, guinea pigs, and rats. The Hawaii Station®® 
found definite protein starvation, characterized by retarded 
growth, when urea was fed as the supplement to a low-protein 
ration to chicks. Apparently it can be fed only to ruminants, 
since certain bacteria in the rumen probably use the nitrogen 
for growth, converting it Into protein in their bodies. Then the 
bacteria pass along the alimentary canal until they are digested. 
Similarly, the Nebraska and Oklahoma stations®® showed that 
amide nitrogen was not utilized by growing chicks. 

NECESSITY FOR AND USE OF ANIMAL PROTEIN 

The common use of animal protein concentrates in poultry 
feeding shows the high regard In which they are held, and ex- 
perimental evidence points to a superiority of animal over 
vegetable protein concentrates in poultry rations. The differ- 
ence Is probably due to several factors: (1) the quality of pro- 
tein as represented by the amounts and kinds of amino acids 
present; (2) the essential mineral elements; (3) the comparative 
vitamin content. In a National Research Council Report®® it is 
concluded that the “available evidence rather clearly demon- 
strates that the effectiveness of animal protein concentrates, in 
promoting maximal production in swine and particularly in poul- 
try, is not due primarily to their protein constituents, but rather 
to their higher contents of certain vitamins, of calcium, of phos- 
phorus, and possibly of some of the micro-nutrients. “ 
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Many early reports showed better egg production with rations 
containting animal protein. However, when the mineral deficien- 
cies of the vegetable protein were made up the results were very 
satisfactory. 

Poor hatchability*^ has been reported for rations not including 
feeds from animal source. This has usually been due to a defi- 
ciency of vitamins, chiefly riboflavin, vitamin 812 . and unidenti- 
fied factors. 

Cannibalism, which was reported as the result of a deficiency 
of animal protein in the diet, was reported cured by the addition 
of 5 per cent of meal meal to the diet.** 

The value of animal protein food m chick feeding has long been 
recognized. As early as 1896, W. P. Wheeler of the New York 
Experiment Station” reported that a ration in which Vs of the 
protein was supplied by animal food was much more profitably 
fed than one containing only protein from a vegetable source. 

When rations with plant and animal proteins were compared 
lor feeding on range In Bulgaria,** little difference In the rate 
of growth was observed over a period of 100 days. The Nebraska 
Station,** comparing protein concentrates from animal and vege- 
table sources for growing chicks, reported that the percentage 
rate of gain, the gam per gram of nitrogen, and nitrogen reten- 
tion were greater at 60 days of age in the lot fed the animal pro- 
tein concentrate. 

In more recent comparisons the differences between growth of 
chicks on plant versus animal protein rations are not so great 
This is due to more complete information which permits the 
supplementation of vegetable protein feeds to make up known de- 
ficiencies such as calcium, phosphorus, methionine, lysine, ri- 
boflavnn, vitamin B 12 . and others. The chief importance or nec- 
essity of animal feeds** under these conditions lies in unidentified 
vitamins or factors which they might supply. 

AMOUNTS OF ANIMAL PROTEIN 
The question arises as to the amounts of animal protem feeds 
that should be included in poultry rations 

MATURE BIRDS. Some protein concentrates are needed in 
the ration to gue good egg producticm.** In 70 early experiments, 
comparing rations containing a protein concentrate m the form 
of animal protein feeds with others not containing the protein 
concentrate, all faiored the feeding of animal proteins. The av- 
erage Increase in egg production was 116 per cent 
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Northern Ireland®® reports a laying mash of cereals, supple- 
mented with V 2 per cent of common salt, as capable of support- 
ing egg production at a level of more than 200 eggs per bird per 
annum, with no return from the addition of supplements of soy- 
bean meal to the ration. 

In the earlier experiments in which animal protein was the 
only supplementary protein it was necessary to feed sufficient 
amounts to meet the various requirements such as protein and 
possibly minerals and vitamins. For that reason egg production 
was closely related to the consumption of meat scrap or other 
form of animal protein.®® Approximately 10 per cent of animal 
protein in the ration gave the best results with birds in confine- 
ment. With birds on tree range this amount could be safely and 
economically reduced. This accounts in part for the almost uni- 
versal practice in England*®® of reduced amounts of meat or fish 
in the mash. 

A shortage of animal proteins during World War II made it 
desirable to know to what extent the animal protein could be 
decreased and the soybean oil meal increased without materi- 
ally affecting production, hatchabilUy, and feed efficiency. A 
number of experiments*®* have been reported in which small 
amounts of animal protein, in combination with soybean oil meal 
as the protein supplement, have given as good egg production as 
larger quantities. Usually the hatchability was also satisfactory. 
In some experiments*®^ the egg production has been satisfactory 
on a high soybean oil meal ration, but hatchability was reduced. 
In one experiment conducted at Cornell*®’ no difference in either 
egg production or hatchabilUy was obtained between rations sup- 
plying all the supplementary protein from soybean oil meal and 
part from soybean oil meal and part from meat scrap. 

GROWING BIRDS. Where no extra protein, as animal pro- 
tein,*®* is included in the ration, the chicks make very slow 
growth, lack uniformity, and are not thrifty. For example, in 
experiments at Cornell, the chicks receiving no animal protein 
feed had at a certain period the average weight of 0.49 pound, 
those receiving meal scrap supplement weighed 0.66 pound, and 
those receiving milk weighed 0,78 pound. 

During early life, chicks require more protein than later. 
Therefore, the protein as supplied by an animal protein concen- 
trate Is usually higher In the starting rations.'®* For the later 
periods, less protein and animal protein feeds arc required 

A shortage of animal protein during World War n also made 
it desirable to known to what extent the animal protein could be 
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decreased in chick rations without affecting growth, mortality, 
and feed efficiency.*”® A number of reports show very good 
growth of chicks on rations containing no animal protein supple- 
ments. The animal protein itself is not essential for good growth 
in chickens. It may be easier, however, to provide all the nutri- 
tive essentiais when some animal protein is included. 

Comparing rations containing some animal protein concen- 
trates with those containing all soybean oil meal as the supple- 
mentary source of protein, it was found that the results in prac- 
tically all instances were In favor of the rations containing some 
animal protein. Summarizing the reports as published by a num- 
ber of experiment stations, Almquist found that the relative 
growth on the soybean meal rations represented 55 to 99 per 
cent of the growth obtained on the good rations. To equal the 
best growth, the addition of some animal protein concentrates 
to the soybean oil tneai rations seems to be necessary. 


COMPARISON OF ANIMAL PROTEIN FEEDS 

Differences exist In the results that are obtained when the 
various kinds of animal protein are fed as the sole source of 
supplementary protein. 

MATURE Bl^S. Representative results of different animal 
proteins in poultry feeding, as expressed in egg production per 
hen per year, are shown in Tables 11 and 12. 

The evidence tends to indicate that combinations Of two or 
more animal proteins are equally effective and often preferable 


TABLE 11, REPRESENTATIVE RESULTS OF DIFFERENT ANIMAL 
PROTEINS IN POULTRY FEEDING. EGG PRODUCTION PER HEN 


Meat Liquid Dried Tank- Fish No 

Scrap Milk Milk age Meal Protein Reference 


145 175 

146 

135 135 

135 140 

179 

165 

156 153 

107 131 

134 127 

120 129 

in 125 

139 ... 

134 


134 

115 


128 


169 

165 



112 120 

140 125 

171 


113 Idaho Circ . 27, 1922 

89 Idaho Sul 134, 1924 

33 tod. Bu] 182. 1915 

61 218. 1918 

60 tod. Bul 227. 1919 

57 tod. BuL 258, 1921 

Ky. Bul. 260. 1925 
55 Mo. Circ. 79, 1916 

60 Mo circ. 82. 1917 

57 Mo. BuTTiSS. 1918 

61 Mo. Bul 225, 1924 

Mo. 272. 1929 

Pa. SuT. 206. 1926 
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TABLE 12. COMPARATIVE RESULTS OF DIFFERENT ANIMAL 
PROTEIN FEEDS IN EGG PRODUCTION 


Animal Protein Feed 
20% dried buttermilk in mash 
20% meat scraps in mash 
20% milk albumin in mash 
20% dried skimmilk in mash 
20% meat meal in mash 
20% fish meal in mash 
20% meat scrap mash plus liquid milk 
20% meat scrap mash plus semi-solid buttermilk 
11% meat scrap mash plus liquid milk 
Mash plus liquid milk 
Mash plus semi-solid buttermilk 
Liquid milk (no mash) 


Exp. 1 Exp. 2 

Exp. 3 

166 



151 

147 

iso’ 

163 



151 

141 



137 

132 

165* 

177 



161 



161 


147 



164 

161 



All pens received grain. 

Comparative Results of Different Animal Protein Feeds in Egg Pro - 
duction . M.S. Thesis, fy A. L. Romanoff, Cornell University, 1926. 


to using any of them singly. In a comparison of dried milk, 
meat and bone meal, and combinations of both as protein supple- 
ments for egg production, Henderson ranked the groups as fol- 
lows: “milk," 152 eggs; ‘‘combinations,” 139 eggs; “meat and 
bone meal,” 121 eggs. 

Mortality and the condition of the birds, as well as egg quality, 
must also be considered. In general, there is not much differ- 
ence between the various sources of animal protein, except that 
milk tends to give better average weights of hens, and liquid 
milk slightly larger eggs. 

The cost of the feeds must also be taken into account, since 
the real measures of the value of the various feeds are the cost 
per dozen eggs and especially the returns per hen above feed 
cost. However, It does not cost much more per hen per year to 
feed the higher-priced feeds, and, if production is enough higher 
to be significant, the Increased number of eggs will probably 
niore than offset the higher feed cost. In most cases combina- 
tions of meat and milk products gave higher returns above feed 
cost than either one used separately. 

growing birds. Combinations *” of two or more forms of 
animal protein feeds. In many cases, have given belter growth 
than one alone. The supplementary value of milk has been es- 
pecially evident, owing probably. In many cases, to the vitamin 
B complex. The extent of any benefits of combinations will de- 
pend upon completeness of the ration in other respects. It may 
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be desirable that at least two sources ol animal protein feeds 
be included in the ration for young stock. 

Where the chicks are reared on good range, it will not be 
necessary to use so much animal protein feeds. This is particu- 
larly true where small numbers are reared, as under general 
farm conditions.”'* 

MEASURING THE VALUE OF PROTEIN CONCENTRATES 
The value of any particular product is influenced (1) by the 
nature of the raw materials and (2) by the conditions of manu- 
facture. Both the quality of the proteins of common protein sup- 
plements used in poultry rations and the riboflavin content were 
reported as being influenced by the process of manufacturing 
them.”* Process of manufacture, however, affected the ribo- 
flavin content to a greater extent than the protein quality. To 
maintain maximum riboflavin potency a relatively low tempera- 
ture and a relatively short time are required in cooking and 
drying the raw materials. Flame drying, because of the ex- 
tremely high temperature, was found deleterious to proteins, 
but the other processes of manufacture did not materially affect 
protein quality. Dry process meals were found to have a higher 
protein and a lower ash and ether extract content than wet proc- 
ess meals. 

No loss in supplementary protein nutritive value was observed 
in certain Ush meals after 10 months of storage in paper, cotton, 
and burlap bags.*” 

The relative values of the different protein concentrates must, 
in the main, be determined by feeding trials. 

The Cornell workers,*'* by determining the relative efficiency 
for growth, suggested relative protein efficiency as an expres- 
sion of the utilization of the proteins of a protein supplement 
The relative protein efficiency was obtained by determining the 
percentage of protein stored by normal chicks during the seventh 
week of age, dividing the percentage storage by that of a stand- 
ard casein diet, and multiplying by 100 The value of the protem 
is thus expressed in relation to the value of casein, which is 
represented by 100. On this basis the samples studied showed 
the following values: casern, 100; dried skimmilk, 100; while 
fish mean, 104; sardine meal (domestic), 98, Menhaden fish 
meal (steam-dried), 91; soybean oil meal (expeller), 89, meat 
scrap (55 per cent protein), 82; meat scrap (50 per cent pro- 
tein), 73; corn gluten meal, 61; ground soybeans, 58. 
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The Washington Station"^ has also reported a method for de- 
termining the gross value of protein concentrates. This method 
consists of depleting the protein reserve of the chicks for a pe- 
riod of 2 weeks by feeding a suitable chick ration, complete in 
all the known nutrients except protein. The level of protein in 
the depletion ration is 8 per cent and is derived from plant 
sources. The experimental rations consist of the depletion ra- 
tion to which is added a sufficient amount of the supplement to 
bring the protein content to 11 per cent. The experimental period 
is 2 weeks, and the results are compared with commercial ca- 
sein, which is given a gross protein value of 100. The gross 
values for some of the samples studied were: Alaska herring 
iish meal, 101; dried buttermilk, 91; dried skimmilk, 78; Man- 
churian soybean meal (hydraulic), 57; domestic soybean meal 
(expeller), 46; meat meal (Brazilian), 43; meat and bone meal 
(Brazilian), 32; dried Alaska peas, 27; dehydrated alfalfa, 25, 

The Nebraska Station"* reported the following relative bio- 
logical values for the different protein concentrates: 

Dried buttermilk 1 
Fishmeal ;AA 

Casein • 

Meat and bone meal I , 

• Soybean meal j ” 

Blood meal \jj 

Cotton seed meal J “ 

Linseed oil meal ' 

Corn gluten meal 

Gelatin D 

The California Slatlon*** has reported on the use of analyses 
of concentrates considering Intact protein, protein decomposi- 
tion products, indigestible protein, and hot-water-soluble pro- 
tein. Those analytical characteristics were found to exhibit a 
good correlation with nutritive value lor chicks when assigned 
the relative values of 100, 40. 0, and 40 rcspccllvely Surh 
analytical methods offer a possibility for the rapid laboratory 
determination of protein quality in commercial concentrates. 

The cy.stlne. tryptophan, and hydrogen sulphide content of the 
protein concentrates could not bo used as a basis for predict- 
ing their nutritive values. 

From the results of Canadian rcporls"’ n would appear that 
a satisfactory evaluation of the biological value of animal pro- 
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tein concentrates might be obtained from the microbiological 
assays for amino acid content based on acid hydrolysis of the 
total protein corrected for the indigestible and nonprotein frac- 
tions. 
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POULTRY FEEDS 

VEGETABLE PROTEIN SUPPLEMENTS 


In general, cereal grains alone have not given satisfactory re- 
sults In grov-lh or egg production, owing largely to deficiencies 
in protein and minerals. However, with birds on range in North- 
ern Ireland, ‘ a production of approximately 200 eggs from White 
Wyandotte pullets has been reported for a ration of cereals, 
supplemented only with minerals. The further addition of a pro- 
tein-rich feed resulted in an additional increase of 13.5 per cent 
in egg production. 

Protein has always been considered an important constituent 
of the ration. As shown in Chapter 6, animal protein products 
have consistently given satisfactory results. It is only natural, 
therefore, to inquire about the \alue of vegetable protein feeds, 
particularly where they are home grown or cheaper. Since early 
feeding trials have generally demonstrated the superiority of 
protein-rich feeds from animal origin, as compared with those 
from a vegetable source, it Is of value to know to what extent 
vegetable proteins can be used and to find out in what respects 
they are deficient. 

The results of some of the early experiments®'* with vegetable 
proteins were not favorable, but these could probably be attri- 
buted to deficiencies of minerals or amino acids. On the other 
hand, other ejqieriments’’* indicated satisfactory results, par- 
ticularly for laying hens. 

A number of protein-rich vegetable feeds have been used in 
feeding trials with poultry. However, cottonseed meal and soy- 
bean products have been fed most extensively, probably because 
of the supply of the cottonseed meal, and of the favorable results 
obtained with the soybean. 

COTTONSEED MEAL 

COTTONSEED MEAL FOR MATURE BIRDS. A large num- 
ber oi experiments have been conducted using cottonseed meal 
In rations for mature hens.* 

Results m Egg Productiwi . A review of the early experiments 
202 
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involving the use of cottonseed meal shows that most of the trials 
do not give favorable egg production as compared with the trials 
in feeding some animal proteins, such as meat or milk. It is 
probable that many of these productions are low because of min- 
eral deficiencies.*® Table 13 gives some of the results. 


TABLE 13. AVERAGE EGG PRODUCTION PER HEN 
FROM COTTONSEED MEAL TRIALS 




Cottonseed Plus 


Meat 

Cottonseed 

Minerals 

Reference 

135 

60 

83 

Mo. Circ. 82 

117 

48 

81 

Mo. Bui. 225 

107 

67 

117 

Mo. Bui. 236 

143 

45 

136 

Mo. Bui. 256 

122 

49 

106 

Ohio Monthly Bui. 7-8, 1924 


117 

134 


174 

97 

154 

Okla. Rept., 1925-1926 


106 

131 



Even though cottonseed meal cannot be used alone as the pro- 
teln-rlch supplement to the mash, it may be possible to use it in 
combination with animal protein feeds. Several stations report 
tests where a combination of meat scraps or tankage and cotton- 
seed meal gave better results than either one alone. 

Poorer hatchablllty has been reported for the hens fed cotton- 
seed meal. This has been attributed to the harmful effects of the 
components of cottonseed pigment glands, including gossypol, 
and a deficiency of lysine.** 

Greater mortality and smaller egg size have been reported in 
some of the trials in the pens receiving cottonseed meal. 

Effect of Cottonseed upon Egg Quality . The most serious ob- 
iecUbn toihe use of cottonseed meal In the poultry ration has 
been its effect upon the quality of the egg,*® although in many 
trials this effect is not mentioned. An early report by Roberts 
and Rice*® Indicated that the eggs laid by nitrogen-fed hens 
(cottonseed meal ration) were small and had a disagreeable 
flavor and smell, watery albumen, an especially small, dark- 
colored yolk, with a tender vitelline membrane, which turned 
black after being kept several weeks in brine. 

Cottonseed meal spots occur on the yolk and can be seen when 
candled. The market value Is thus affected because of the un- 
attractive appearance. Yolks may vary considerably in appear- 
ance, ranging from a few tiny brown spots to a condition where 
the brownish area may cover a large part of the yolk. 
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In sonir rep-->ri» W la*. Uen hUImI tUt Ihr rnr* Hal 
prriously alfrrtfd thr coiiofisi**-!! m**al upos# had a »irwK 
flaior \fchlrh madr- them ohl«*cHopaWr for moRl utp«. 

CulU'n^crd mfal affrcin thr kprplnt; quality of r fv’b In utorafp. 
which holds true also fur rpys that do not slv)w th<? cfrttor.sccd 
meal hjxjts. Heavy losses h.a\p been reported n-fth efTs tn 
Rtorare Ix-eause cf dark yolk* Oat resulted from the heavy feed* 
Inp of cottonseed meal. 

Sherwood reported that the substance In cottonseed meal that 
causes epps to deteriorate tn storacc was prolably something 
closely as‘K)clated with the cottonse<‘d oil. rxjwrlmenls conducted 
at the Louisiana Station irdlcatrd Hal fossyptl Is the factor re- 
sponsible fur oU\c-colored yolks. The rlararlfrlRtlc elite color 
Is due to a chemical combination of possyptjf with ferric Iron, 
released from the rpi* proteins of the yolk. In the fresh yol*. in- 
sufficient ferric Ions arc present. Durlnr storage, sufficient 
Iron Is liberated to form the olitc color. Th.e addition of soluble 
ferric salts to the ration contalnlnp. cotton*ie<-d meal pretents 
the absorption of possypul by the hen and the formation of ollte 
yolks in the stored crrs. 

The deprec of yolk darkenlnp durlnR slorape increased as the 
free po.s<jypoI content of the diets increa.sed Doand poi.sypol did 
not cause discoloration of the cfps. FpRs from hens fed pland- 
free cottonseed flour do not detelop cpp-yolk discoloration The 
storage quality ot eggs produced from hens fed screw-pressed 
cotton.sccd meal or Isopropanol extracted meal was satisfactory 
whereas ollte-colored yolks and plrJt albumen were observed 
when a hydraulic meal was led 

GENERAL SUMMARY. As far as egg production Is concerned, 
the results arc variable The use of cottonseed meal seems to be 
warranted as a substitute for meal and tankage Cottonseed meal 
Is useful for the production of eggs when the eggs arc to be used 
fresh but not when they arc to be stored because of the effect 
upon the quality ol the eggs II cottonseed meal is used In the 
ration for laying hens, adjustment should be made for Its min- 
eral deficiency It Is also advisable to use It only to furnish part 
of the protein-rich feed and not to substitute It entirely for meal 
scraps or similar feeds 

COTTONSEED MEAL FOR YOUNG CHICKENS As early as 
1899 the New York (Geneva) Experiment Station** reported that 
when the deficiency of mineral matter was made good by the ad- 
dition of bone ash, the vegetable food ration for chicks equaled 
or somewhat surpassed in efficiency a corresponding ration con- 
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taining three-eighths of the protein from animal food. 

Workers at the Rhode Island Station** reported that the ani- 
mal protein ration produced faster growth when compared with 
cottonseed meal, gluten feed, gluten meal, and oil meal. How- 
ever, the addition of ash constituents greatly improved the vege- 
table protein feeds. 

Some experiments indicated slower growth with a cottonseed 
meal ration.*’ Other experiments show good results, espe- 
cially when properly supplemented with animal protein. A com- 
bination of protein supplements seems to be more important 
than the percentage of cottonseed meal used. 

The method of processing affects the nutritive value of cotton- 
seed meal.*® The physiologically deleterious components of cot- 
tonseed are segregated in the pigment glands. Hence gland-free 
meals and some processed meals have supported excellent 
growth. Solvent meal has been reported slightly superior and 
hydraulic meal inferior to expeller meal. 

SOYBEAN PRODUCTS 

Soybeans are being raised in greater abundance, partly be- 
cause of their value in crop rotations. It is one of the most 
valuable of the leguminous seeds. The two important commer- 
cial products derived from soybeans are soybean oil and soy- 
bean oil meal. Soybean oil meal, the product remaining after 
removal of the oil, should not be confused with soybean meal, 
which refers to ground whole soybeans. 

SOYBEAN OIL MEAL. There are several processes em- 
ployed in making soybean oil meal: (1) solvent or new process, 
in which the oil is removed by use of some chemical that will 
dissolve oil; (2) hydraulic or old process, in which the oil is 
removed by hydraulic pressure; (3) expeller method, in which 
the oil is expelled by a friction process which generates heat. 

Soybean oil meals, processed from frost-damaged immature 
beans,"” have been fed to chicks with results that have compared 
favorably with results from those fed normal meal. 

The soybean contains a high percentage of physiologically good 
protein, a considerable amount of energy-yielding material, and 
a fairly liberal supply of the fat-soIuble and water-soluble vita- 
mins. The soybean protein has-been reported to be quite as 
valuable as the casein of milk. 

The soybean is deficient in minerals, however, and sodium 
chloride and calcium compounds need to be added. Soybean oil 
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In some reports it has been stated that the eggs that were 
seriously affected with the cottonseed meal spots had a strong 
flavor which made them objectionable for most uses. 

Cottonseed meal affects the keeping quality of eggs in storage, 
which holds true also for eggs that do not show the cottonseed 
meal spots. Heavy losses have been reported with eggs held in 
storage because of dark yolks that resulted from the heavy feed- 
ing of cottonseed meal. 

Sherwood reported that the substance in cottonseed meal that 
causes eggs to deteriorate in storage was probably something 
closely associated with the cottonseed oil. Experiments conducted 
at the Louisiana Station Indicated that gossypol is the factor re- 
sponsible for olive-colored yolks. The characteristic olive color 
is due to a chemical combmation of gossypol with ferric iron, 
released from the egg proteins of the yolk. In the fresh yolk in- 
sufficient ferric Ions are present. During storage, sufficient 
Iron is liberated to form the olive color. The addition of soluble 
ferric salts to the ration containing cottonseed meal prevents 
the absorption of gossypol by the hen and the formation of olive 
yolks in the stored eggs. 

The degree of yolk darkening during storage increased as the 
free gossypol content of the diets increased. Bound gossypol did 
not cause discoloration of the eggs. Eggs from hens fed gland- 
free cottonseed flour do not develop egg-yolk discoloration The 
storage quality of eggs produced from hens fed screw-pressed 
cottonseed meal or Isopropanol extracted meal was satisfactory 
whereas olive-colored yolks and pink albumen were observed 
when a hydraulic meal was fed. 

GENERAL SUMMARY As far as egg production is concerned, 
the results are variable. The use of cottonseed meal seems to be 
warranted as a substitute for meat and tankage. Cottonseed meal 
is useful for the production of eggs when the eggs are to be used 
fresh but not when they are to be stored because of the effect 
upon the quality of the eggs. If cottonseed meal is used in the 
ration for laying hens, adjustment should be made for its min- 
eral deficiency. It is also advisable to use it only to furnish part 
of the protein-rich feed and not to substitute it entirely for meat 
scraps or similar feeds. 

COTTOitSEED MEAE TOR TOUNG CHICKENS. As early as 
1899 the New York (Geneva) Ejqieriinent Station'® reported that 
when the deficiency of mineral matter was made good by the ad- 
dition of bone ash, the vegetable food ration for chicks equaled 
or somewhat surpassed in efficiency a corresponding ration con- 
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taining three-eighths of the protein from animal food. 

Workers at the Rhode Island Station^* reported that the ani- 
mal protein ration produced faster growth when compared with 
cottonseed meal, gluten feed, gluten meal, and oil meal. How- 
ever, the addition of ash constituents greatly improved the vege- 
table protein feeds. 

Some experiments indicated slower growth with a cottonseed 
meal ration.” Other experiments show good results,^® espe- 
cially when properly supplemented with animal protein. A com- 
bination of protein supplements seems to be more important 
than the percentage of cottonseed meal used. 

The method of processing affects the nutritive value of cotton- 
seed meal.” The physiologically deleterious components of cot- 
tonseed are segregated in the pigment glands. Hence gland-free 
meals and some processed meals have supported excellent 
growth. Solvent meal has been reported slightly superior and 
hydraulic meal inferior to expeller meal. 

SOYBEAN PRODUCTS 

Soybeans are being raised in greater abundance, partly be- 
cause of their value in crop rotations. It is one of the most 
valuable of the leguminous seeds. The two important commer- 
cial products derived from soybeans are soybean oil and soy- 
bean oil meal. Soybean oil meal, the product remaining after . 
removal of the oil, should not be confused with soybean meal, 
which refers to ground whole soybeans. 

SOYBEAN OIL MEAL. There are several processes em- 
ployed in making soybean oil meal: (1) solvent or new process, 
in which the oil is removed by use of some chemical that will 
dissolve oil; (2) hydraulic or old process, in which the oil is 
removed by hydraulic pressure; (3) expeller method, in which 
ihe oil is expelled by a friction process which generates heat. 

Soybean oil meals, processed from frost -damaged immature 
beans,"'’ have been fed to chicks with results that have compared 
favorably with results from those fed normal meal. 

The soybean contains a high percentage of physiologically good 
protein, a considerable amount of energy-yielding material, and 
n fairly liberal supply of the fat-soluble and water-soluble vita- 
nilns. The soybean protein has been reported to be quite as 
valuable as the casein of milk.®‘ 

The soybean is deficient in minerals, however, and sodium 

loride and calcium compounds need to be added. Soybean oil 
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a comblnallon ol soybean oil meal and animal proteins or their 
equivalent has given good growth/® This Is particularly true 
for the starting ration. 

In rations containing large amounts of soybean oil meal, Ham- 
mond^' concluded tliat as much as 15 per cent of cottonseed 
meal, corn gluten meal, peanut meal, or ground hempseed may 
be used to replace an equal weight of soybean oil meal for grow- 
ing chickens. 

The Western Washington Station^* reported that rations In 
which soybean oil meal supplied all the supplemental protein 
caused “pasting up" in chicks to a much greater extent than did 
rations in which herring fish meal or casein furnished the sup- 
plemental protein. The amount of “pasting up” which occurred 
varied with different samples of the meal. Less of it was caused 
by the solvent process meal. The droppings of chicks fed soy- 
bean oil meal rations were of a stickler consistency than were 
those fed fish meal or casein rations. The retardation in growth 
caused by this condition was only slight at 4 weeks of age. 

GROUND SOYBEANS. Ground Soybeans have been used in 
laying rations. They are not as efficient as the soybean oil meal, 
however, and In most trials did not give as good results as the 
soybean oil meal or animal protein.^* The Delaware Station 
found that ground soybeans were relished ana readily eaten and 
that they maintained excellent physical condition It was found 
furthermore than when the laying ration contained over 7 per 
cent of ground soybeans, the egg production per hen decreased 
and mortality increased. On the other hand, the Indiana Station 
found ground whole soybeans as satisfactory as soybean oil meal. 
In this work, the hens were allowed free range over a grassy 
plot at all times. 

Ground Soybeans are not so effective in the feeding of young 
chicken?^ as soybean oil meal, but they can be used if they are 
relatively cheap. The quantities used, however, must be limited. 
The Delaware Agricultural Experiment Station concluded that 
U the ground soybeans, supplemented with bone meal, do not re- 
place more than one-third of the meat scrap, the results will not 
be seriously affected. Experiments conducted at Cornel/* and 
Nebraska** showed the relative protein efficiency of ground raw 
soybeans to be approximately 65 to 70 per cent of that of soybean 
oil meal, when expressed on the basis of growth response 

Ground whole cooked soybeans effectively replaced 5 per cent 
of soybean meal and 5 per cent of cottonseed meal when fed at a 
20 per cent level in a broiler mash during a 9-week growing pe- 
riod at the Oklahoma Station.*'' 
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PEANUT PRODUCTS 

PEANUT MEAL"*® as a source of protein has generally given 
satisfactory results, especially when the deficiencies were over- 
come. The deficiencies of peanut meal are minerals, methio- 
nine, and lysine.® 

Experiments at the Alabama Station*^ showed that the feeding 
of peanuts, without shells, to either hens or chicks gave poor 
results, thought to be due to the inability of the chicks to utilize 
large amounts of fat. 

CORN PRODUCTS 

GLUTEN FEED®* has not given good results in egg production, 
especially in the earlier work, although some improvement has 
been shown when minerals were added. This is probably due to 
the fact that gluten feed is deficient in protein quality and in ri- 
boflavin. Other results*® indicate that corn glulen feed is suit- 
able as a partial protein supplement in rations for growing chicks 
as well as mature birds. 

GLUTEN MEAL. Corn gluten meal*'* may be used in rations 
for laying hens and chicks when properly supplemented to com- 
pensate for its deficiencies. It might be lacking in arginine, ly- 
sine, and tryptophan** and in some of the members of the vitamin 
D complex. Used In large amounts it Is not as satisfactory as 
soybean oil meal.** When corn gluten meal was used in rations 
for growing chicks and poults the degree of pigmentation of the 
Shanks and skin was markedly Increased.®’ 

CORN OIL MEAL. Several experiments were conducted at 
the Iowa Station*® to determine the nutritive value of corn oil 
njcal and feather protein. The chicks fed a basal diet, supple- 
mented with large quanliUes of corn oU meal (over 30 per cent), 
grew at a very slow rate, utilized their feed inefficiently, and 
suffered a high mortality. The inclusion of up to 30 per cent of 
corn oil meal did not affect paiatabillly of the feed. The addition 
cystine or lysine increased the growtlj. 


LINSEED OIL MEAL 

Larly^cxperlmcnis with lln.sccd oil meal have not shown good 
results. The addition of minerals Improves linseed meal but 
'’cs not make It so efficient as animal protein.*® 

Un.sccd meal Is deficient in lysine.** It also contains a factor 
r actors delrlmental to the growth and health of chickens. It 
Wen suggested ilial the presence of mucilage In linseed oil 
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meal is much lower in calcium and phosphorus content than the 
animal proteins. Hence it was soon discovered that the mineral 
content of the protein supplements was as important as the pro- 
tein content.’* 


A ration deriving its protein chieHy from soybean meal has 
also been shown to be deficient in the sulfur-bearing amino acids, 
especially methionine.” 

A ration composed largely of corn and soybean oil meal is 
likely to be deficient in vitamins,’* particularly riboflavin, pan- 
tothenic acid, niacin, choline, vitamin B12. and unknown factors 
present in animal products. The vitamin deficiencies have been 
reported as being corrected by the microbiological action pro- 
duced in built-up litter.” 

The variable results obtained with soybean oil meal indicated 
differences in nutritive value in various samples of the meal 
depending largely upon the conditions of manufacture. Raw 
soybeans and also soybean oil meals processed at low tempera- 
tures contain proteins of low nutritive value, whereas soybean 
oil meals prepared at higher temperatures contain proteins of 
higher nutritive value.” The color and flavor of the meals are 
not infallible criteria of their nutritive value, but a raw, beany 
flavor is indicative of an insufficient amount of heat and a re- 
sulting inferior protein efficiency. 

The raw soybeans contain a trypsin inhibitor** which is inac- 
tivated by heating. Heating also renders the soybean nutrients 
more ai-ailable or digestible.” On the other hand there is the 
possibility of impairment of feeding value by overheating.” The 
methionme and lysine seem to be particularly affected. Over- 
heating may cause the production of brown-colored substances 
appeared to be related to more liquid and sticky droppings 
produced by the birds.*’ ) 


Experiments conducted at the Colorado Station” showed that 
raw soybeans had a goitrogenic effect when fed to chicks. This 
eiiect was partially inactivated by heat. Iodine counteracted the 
llect on the thyroid. Egg production and hatchabihty were low, 
suggested that the poor reproduction was related to the 
goitrogenicity of soybean meal. 

soybean meal in the diet of broilers 
Lbo. Jo ’’”’'''.'* Cb"=™ption.” 

meal have kT ^s^iniations of the biological value**’®* of soybean 
tain a snhcfa Underheated soybean oil meals con- 

lauon time oI 'tL"toodTc“ckr'''' 
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SOYBEAN OIL MEAL FOR HENS. Egg production has been 
satisfactory v/heu soybean oil meal was used either as a partial 
source or the sole source of supplemental protein.’*'®" Satisfac- 
tory body weight has also been obtained. 

The results of some of the early experiments comparing soy- 
bean oil meal with meat scrap and fish meal were not favorable 
for the soybean oil meal because minerals were a limiting fac- 
tor. When minerals were properly supplemented,’" the egg pro- 
duction with soybean oil meal was increased and made com- 
parable with that secured with rations containing animal protein. 
Some of the representative results are shown in Table 14. 


TABLE 14. INFLUENCE OF SOYBEAN OIL MEAL 
ON EGG PRODUCTION 


Soj-bean Oil Meal 

Plus Minerals 

Animal Protein 

Source 

125 

139 

Ind. Bcpt. 1923 

ISl 

140 

Jn3. BuJ. 293 

125 

139 

in3. Bui. 293 

144 

133 

inJ. Bui. 293 

138 

132 

irvJ. BuT. 293 

173 

186 

in?. But. 293 

135 

153 

i^. DuT. 293 

139 

143 

Mo. Bui. 25C 

132 

139 

Mo. DuT. 272 

133 

142 

Mo. BuT. 285 

223 

210 

Scottish Jour. Agr. 11 

194 

232 

Scottish Jour. Agr. 11 

1G4 

LOG 

Harper Adams Bui. 4 


The feeding of soybean oil meal to breeders has shown vari- 
able results in halchablllly.” Soybean oil meal as the only sup- 
PPmcnt.il protein has usually not been satisfactory. However, 
cn hatchabllUy results were unfavorable they could usually 
® attributed to some deficiency such as riboflavin, vitamin D 12 . 
r mher essential nutritive factors. 

g oil MEAL FOR FEEDING THE YOUNG STOCK. 

Oil Meal . The results from the feeding of soybean oil 
The chickens and poults have been very satisfactory. 

utilize soybean oil meal protein to ad\'anlago. 
as Indicate just as good results with soybean oil meal 

ar.d m » protein, provided that the minerals arc adjusted 

a r.umt protein Is the only varying factor. On the other hand, 
Pf^otet cxjicrlmcnls^^ report superior resull.s for animal 
ns. such as meat .scraps and drli^d buttermilk. In general. 
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meal is one of the factors ” The toxic principal in linseed oil 
meal has been destroyed by water treatment or overcome by 
additional pyridoxine.” Flaxseed treated with ammonia and 
stored before processing was found superior to untreated flax- 
seed meal.*^ 

Supplementing the linseed meal with a small amount of fisn, 
meal has improved its feeding value,** 

OTHER VEGETABLE PROTEINS 
Other vegetable protein feeds have been used in poultry feed- 
ing. The Idaho Station®* lists pea meal, alfalfa meal, and bean 
meal in the order mentioned. Bean meal gave smaller eggs than 
the others. 

BROCCOLI MEAL*’ as the only protein supplement did not 
produce good growth but when combined with soybean oil meal 
maintained fair growth and livability. 

CASTOR BEAN. Castor bean oil meal®* was toxic when fed 
to chicks eitlier untreated or alter steaming. However, repeated 
extraction resulted in a meal which gave normal growth. 

COCONUT OIL MEAL. “Cocoanut oil meal or copra oil meal 
is the ground residue obtained alter the extraction of part of the 
oil from the dried meat of the cocoanut. It must be designated 
and sold according to Us protein content.” Coconut oil meaL 
plus minerals, was used by the Pennsylvania Station®* as a vege- 
table protein to replace a large part of the animal protem In 1^® 
Philippines,’* copra meal did not prove satisfactory for growing 
chicks or ducklings. With an increase in the amount of copra 
meal, mortality increased while food consumption and weight 
increase diminished. A report from England’* indicated that 
coconut meal up to 20 and 25 per cent of the mash was satisfac- 
tory for laying hens. 

HORSE-BEAN [Vtcia Faba L.) MEAL’* as the principal pro- 
tein source is very deficient in the sulfur-containing amino acids 
and deficient to a lesser degree m a number of others However, 
when properly supplemented improvement in growth and feather- 
ing were obtained. 

IPIL-IPIL SEED meal” is not a satisfactory protein supple- 
ment ior chick rations, but it can be improved by water treat- 
ment. 

LESPEDEZA SEED. The Missouri Station’* reported that 
whole lespedeza seed proved a satisfactory substitute for soy- 
bean oil meal in chick rations, when fed at levels not to exceed 
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15 per cent. More than this amount produced sticky droppings. 
The whole lespedeza seed proved superior to ground lespedeza 
seed as a supplement to meat scrap. 

MUNGO. The mungo bean has been used in the Philippines^® 
in rations for growing chicks. Fair results were obtained by 
replacing 20 to 40 per cent of the shrimp meal by mungo. Mungo 
as the sole protein supplement caused high mortality and small 
size in chicks. 

The Oklahoma Station'” reports satisfactory growth, egg pro- 
duction, and hatchabillty when mungo beans were properly sup- 
plemented. They were also satisfactory as a source of protein 
for turkey poults. 

mustard. Mustard seed oil meal in chick rations has given 
variable results.'^'' O’Neil indicated significantly lower weights 
with as small quantities as 2.8 per cent. Kondra and Hodgson 
reported normal growth on mashes containing up to 9 per cent 
of the meal. 

PALM NUT. Corozo palm nut oil mea^® can be fed to chicks 
as a partial supply of protein. It was found to supplement sesame 
oil meal and cottonseed meal. 

PEAS. Peas have been used in feeding hens at the Idaho Sta- 
tlon. The egg production was better than where no protein 
concentrate was fed, but not so good as the production In the 
animal protein lots. Ground peas needed to be supplemented with 
animal protein to meet the requirements of laying hens. Methlo- 
I'lne was shown to be the principal growth-limiting deficiency of 
pea protein. Pea meal as the main protein source for chlcks®“ 
is unsatisfactory. However, when supplemented with fish meal 
or casein to supply methionine growth was improved. 

RAPESEED oil meal. Kapeseed oil meal®^ is the by- 
product In the production of oil from rapeseed. Feeding experi- 
jnents with hens in Germany indicated that, on the mash con- 
alnlng 15 per cent of rapeseed cake, food consumption was 
reduced. A maximum of 10 per cent of this ingredient is recom- 
mended. Rapeseed oil meal can be fed in limited amounts in 
ick rations. When larger amounts are included in the ration 
Mortality and a reduction In the rate of growth during the early 
period of the bird’s life resulted. It has been shown that the 
rapeseed oil meal contains a goitrogenic agent. This meal may 
e used for growing birds after hot water extraction or when 
^PPlemented with Iodine. It has been suggested that rapeseed 
^eal niay be more suitable for fattening and finishing, 
oAFFLOvver oil feed. Safflower oil feed is the ground 
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residue obtained after the extraction of the oil from whole saf- 
flower seed. Safflower oil meal®* when properly supplemented 
gave good growth. It is deficient in lysine and methionine. 

SESAME OIL MEAL. “Sesame oil meal is the ground resi- 
due obtained after the extraction of part of the oil by pressure 
from sesame seed as produced under reasonable milling con- 
ditions. It must be designated and sold according to its protein 
content.” Poor growth has been reported on sesame protein 
alone,®’ owing primarily to a deficiency of lysine and vitamin 
Bi 2. In connection with other proteins (soybean meal and fish 
meal), relatively richer m lysine, sesame seed is capable of 
supporting optimal chick growth rates. 

Sesame Cake Meal has also given satisfactory results when 
fed to laying pullets.” 

SORGHUM GLUTEN MEAL** is not satisfactory as a major 
protein supplement since It is deficient in the amino acids 
arginine, lysine, methionine, and tryptophan. When properly 
supplemented it has produced the same results in chick rations 
as corn gluten meal and could be used in place of it. 

SUNFLOWER SEED. Sunflower seed oil meal*® is the by- 
product In the production of oil from sunflower seeds. The chief 
deficiency appears to be lysine. It has proven satisfactory m 
chick and turkey starter rations especially when used in com- 
bination with other proteins. Sunflower oil cake and meal have 
also been satisfactorily fed to mature birds. 

SWEET LUPINES. Ground sweet lupine seeds, which contain 
about 45 per cent protein, have been fed to chickens in Germany. 
It was shown that one-third or more of the usual fish and meat 
meal could be replaced by ground seeds of yellow sweet lupines. 

Sweet blue lupine** did not prove satisfactory in replacing part 
of the soybean oil meal in a chick ration. 

TUNG OIL MEAL. Tung oil meal is the residue remaining 
after the oU has been expressed from ground dehulled tung fruit. 
It has been reported as being unpalatable and containing some 
irritating material which has a harmful effect on the mucous 
membrane of the intestines. The Florida Station** reported that 
feeding tung oil meal to chicks was unsatisfactory. 

WHEAT GLUTEN *® Wheat gluten meal and wheat gluten feed 
are deficient chiefly in lysine, but when properly supplemented 
th^ can furnish part of the protein in chick rations 

YEAST. Experiments in Poland** showed that the protein of 
yeast had a nutritive value almost equal to that of milk protein 
and greater than that of all other vegetable proteins The egg 
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yield was increased 6 to 10 per cent, and the weight of chickens 
and ducklings 2 to 12 per cent, according to the proportion of 
yeast-treated feeding stuffs in the ration. 

Results from Germany®* indicate that a 5 per cent yeast-sup- 
plemented ration had 17 per cent higher egg production that a 
similar pen receiving the same amount of skimmilk but no yeast. 

Distillery yeast®’ in amounts of 10 to 15 per cent has been 
reported satisfactory for layers and growing chicks. 

The feeding results with torula yeast have been variable,®^ 
depending to some extent upon the conditions under which it is 
produced and the wastes utilized in its production. The results 
indicate that it is a satisfactory source of protein and riboflavin. 

NUTRITIVE VALUE OF VEGETABLE PROTEINS 

Evans and St. John®® reported that the chemical protein quality 
index, as used for animal proteins, appeared to give good indica- 
tion of the relative protein nutritive value for soybean oil meals, 
cottonseed meals, and Alaska peas, with the exception of the 
overcooked soybean oil meals. A coefficient of correlation be- 
tween gain per unit of supplementary protein and the chemical 
protein quality Index of +0.946 was obtained. A high coefficient 
of correlation of +0.928 between the gain per unit of supplemen- 
protein and the percentage of glutelln (Insoluble in water, 
saline solutions, or alcohol, but soluble in very dilute acids and 
alkalies) was obtained for the heat-treated concentrates. A de- 
termination of the percentage of glutelin may offer a chemical 
means of estimating differences in the protein nutritive values 
of soybean oil meals and, in combination with the percentage of 
residual protein, the extent of heat denaturation of the soybean 
proteins. 

Laboratory estimations®^ of the value of soybean meal have 
een reported. Fluorescence and urease activity gave a satis- 
actory evaluation of the nutritive value for chicks of solvent 
soybean oil meals but not of expeller meals. 

A chemical index (total gossypol content plus N soluble in 0.02 
sodium hydroxide) for cottonseed meal®® gave good correlation 

chick growth rate. 

general summary for VEGETABLE PROTEINS 
^ Animal protein feeds have been somewhat more effective than 
protein feeds for both young and mature stock. The 
r of good results from vegetable proteins has probably been 
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due to a deficiency, chiefly In minerals, certain amino acids, 
and vitamins. Partial substitutions have given very satisfactory 
results. With an increasing knowledge of requirements for these 
factors and a more exact knowledge of the nature of the more 
common poultry feeds, it should be possible to find combina- 
tions of feeds which include larger proportions of vegetable 
feeds. In general, the vegetable proteins need to be supplemented 
with minerals, particularly calcium and phosphorus, and vitamins, 
of which they contain considerably less than the animal proteins. 
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CHAPTER 8 


POULTRY FEEDS 

GREEN FEEDS AND VEGETABLE PRODUCTS 


The importance of green food in poultry feeding was first ob- 
served because of the response of birds when allowed to range 
in the spring after being confined during the winter. The result- 
ing spurt in egg production was due probably to the warmer 
weather and exposure to the sun as well as access to green food. 
Again, it was observed that production was retarded late in the 
summer and in the fall when the natural supply of green food be- 
came low. 


The green growing part of plants has long been recognized as 
the basis for animal nutrition. The nutritional significane of 
grass has been pointed out by Elveh)em and Sober * They show 
that grasses contain appreciable amounts of many of the well- 
known nutrients and are rich In unknown factors. Assays show 
them to contain significant amounts of carotene, vitamin C, vi- 
tamin E, vitamin K, thiamin, riboflavin, pyndoxine, pantothenic 
acid, niacin, biotin, and choline. The mineral content is favor- 


able. The protein content may be as high as 30 per cent. Young 
grass is of higher nutritive value than older herbage since it 
contains more protein and vitamins (especially riboflavin) and 
less fiber. Leafy green vegetation* and the fresh juice of forage 
crops have been shown to contain growth factors 
In comparative trials,* where green food was furnished during 
the winter as compared to feeding no green food during that pe- 
riod, often considerable differences in production were secured 
Various reasons have been given to account for the benefits of 
green food One of the first explanations given for its value was 
that it acted as a tonic, stimulant, or mvigorator. The specific 
effect was not designated, but indications were that it had a bene- 
ficial effect on the condition of the bird and thus produced more 
eggs or flesh. It was also believed that green food stimulated the 
appetite and in that way encouraged greater food consumption 
and consequently larger production. It promoted activity and was 
10 a>gestion. Sometimes it acts favorably in furnishing 
i lona bulk to the ration In this respect, it is necessary to 
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distinguish between furnishing the nutritive elements of true 
green food and mere succulence. In some instances the feed is 
more palatable in the succulent form as, for example, when 
feeding germinated or sprouted oats instead of the dry oats. 

The health of the hen is influenced also by the feeding of green 
food. This is shown by greater mortality as well as decreased 
Ggg production when green food was not supplied. It has also 
been reported* that the feeding of green food will result in pre- 
vention of molt and reduction of summer culling which, with the 
other factors mentioned, will mean a saving of money. 

Greater mortality® due to coccldial infections has been found 
in birds ranged on bare lots than in birds ranged on pastures. 
Birds on pasture carried heavier worm infections, but w'ere able 
to withstand heavier parasitic burdens. 

The feeding of green food frequently keeps birds busy, and in 
that way might help to prevent or overcome picking and other 
forms of cannibalism. 

Perhaps the most Important fact about green feeds, however, 
is that they are rich in vitamins. Green feeds, as a group, is 
the only group which is well supplied with all the vitamins. The 
other groups of feeds usually are deficient in one or more of the 
vitamins. The feeding of green food has improved hatchabillty. 
This improvement in hatchabillty is probably due to vitamins. 

KINDS OF GREEN FOOD 

grass RANGE OR PASTURE Is the natural method of provid- 
ing green food, and, whore it is supplied abundantly, is probably 
the best method. Clover and alfalfa ranges are preferred, pri- 
marily because the green stuff Is available over a longer period 
of the year. They do not grow up and become lough and unavail- 
able, as grass docs. Frequent mowing of grass, however, will 
help to keep it tender. 

For poultry pastures, plants capable of forming a dense, hard- 
wearing, and lawn-like turf arc desirable.'' A'lld white clover 
and ladlno clover arc suitable legumes. Grasses suitable for 
poultry turf arc perennial rye grass, meadow grasses, the fes- 
cues, creeping bent, and crested dog's-tail. However, poultry 
docs not like ll>c plants after they have become aged and woody 
and will then only eat thorn as a last resort Turkeys" prefer 
bdtno clover, but other grasses can be satisfactorily used for 
grazing. 

Crampton and Forshaw* presented evidence to show iliat the 
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feeding value of the herbage of any single species changes during 
the growing season. Herbage grown during spring and fall, when 
plant growing conditions are favorable, has excellent feeding 
value. Herbage grown during midsummer has lower nutritive 
value, owing apparently to a reduction in the availability to the 
animal of the carbohydrate fractions. 

A mixture of grasses is usually recommended for poultry pas- 
tures. The grasses most commonly used are Kentucky bluegrass, 
Canada bluegrass, timothy, perennial rye grass, wild white clo- 
ver, and ladino clover. Regardless of the mixture, the pasture 
must be mowed frequently so that young grass is kept constantly 
growing up from the bottom. 

Where range is depended upon for green stuff, the units must 
not be too large or too concentrated. Hens will not range far 
from the house so that usually the grass adjacent to the house 
IS soon entirely eaten, whereas further away it grows and ma- 
tures. 


Pasture for Growing Birds . The benefits of range rearing 
may be attributed to improved health due to better nutrition, 
more sanitary conditions, and more favorable management. 

If the chicks are restricted on feed nutrients, either because 
feed IS withheld or because the ration is deficient, they will con- 
sume more grass and select those types which will supplement 
their ration. Thomas^” fed chicks both high- and low-protein 
rations and observed that the grass in the run of the low-protein 
lot was heavily grazed and kept in check, while the herbage in 
the run of the high-protein lot was untouched. Furthermore, the 
clover content of the sward in the run of the low-protein lot was 
reduced to a greater extent than in the run of the high-protein 
ot. Gutteridge, O’Neil, and Pratt" presented evidence to show 
at the pasture was utilized to an increasing degree on the 
lower levels of protein. The high animal protein ration (17 per 
cent) appeared to have been adequate in most respects smce the 
pasture of the group on this ration was only very lightly grazed, 
ere was a suggestion that the vegetable protein groups felt 
e nee of supplementing their ration to a greater degree than 
e groups fed animal protein through an increased intake of 


Chicks on good pasture eat a considerable amount of grass 
and thus save on the amount of gram and mash required Re- 
ports from poultrymen have indicated feed savings up to 35 per 
cent. Most of the experimentel results, however, do not show 
savings of this magnitude.**'" The feed savings reported range 
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from 5 to 20 per cent. The larger savings were usually obtained 
when the feeding time was restricted. However, with drastic 
feed restriction the weights of the pullets usually were lower. 

Poultry can utilize fresh, young grass^^ but is unable to deal 
as effectively with large amounts of It as are the other farm 
animals. The amount appears to be limited by the capacity of 
the birds to break down the fiber. Temperton and Dudley, in 
feeding grass to growing stock, found that when 10 per cent of 
the mash was replaced by its equivalent in grass on the dry 
matter basis (representing about V 3 the gross food intake), 
much of the grass was found in the droppings in an apparently 
little altered condition and there was a marked reduction in the 
rate of growth. However, the grass-reared birds were quicker 
in maturing. According to a report from Finland, Pihkala con- 
cluded that poultry can obtain only 5.5 to 7,0 per cent of its food 
requirements from pasture, In the feeding of turkeys, Darrow 
and Morgan reported tliat the amount of feed saved by the use of 
range was 9.1 per cent for the Bronze turkey and 3.1 per cent 
for the Small Whites. 

The actual amount of feed saved is not the only benefit of pas- 
ture. Perhaps of even greater value is the saving in food cost 
since good pasturage permits omission from the ration of in- 
gredients which may be more expensive, such as vitamin car- 
riers, milk by-products, alfalfa meal, and animal protein.** In 
fact, some of the reports Indicate that whole grain plus minerals 
proved to be a satisfactory ration when fed to birds on good pas- 
ture. 

Variable results have been reported for birds reared on 
grass.*’’*” However, when compared with rearing on bare ground 
or in confinement pasture-rearing of pullets has shown some ad- 
vantages. The birds may be heavier at maturity and usually show 
deeper pigmentation. Birds on pasture usually consume less 
food and thus make mere eeoaomleaV gains. MoT\a\i\y, sexual 
maturity, and subsequent egg production are not Influenced much 
by pasture. 

Pasture for Mature Birds . The value of pasture land for ma- 
turebirHs is indicated in experiments conducted In Germany.*’ 
where a saving of 34.3 per cent of the total cost of feeding Leg- 
horn hens u-as made, when the birds were kept on open paslur- 
ape. Another pasture group required during the summer, when 
feeding tn the open uas possible, 32.1 per cent less feed to pro- 
ouco the same weight of eggs than the group without open pas- 
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Reporting on ranges for the laying Hock, Berry showed the 
largest returns over feed cost were received when the laying 
flock was provided with an alfalfa range. However, the returns 
were greatest when the flock was allowed access to the range 
for only 2 hours each day. This short daily -period provided suf- 
ficient green feed, but the birds did not eat enough green alfalfa 
to lower egg quality. 

The Kentucky Station*' reported that bare or bluegrass range, 
in connection with a complete all-mash ration for laying hens, 
did not influence feed consumption during the summer period 
after the grass had matured and partly lost its green color. 
However, the hens consumed 10 to 20 per cent less feed when 
given access to a bluegrass range during the spring growing 
season. The bluegrass range during the growing season increased 
egg production but did not Influence weight or hatchability of the 
eggs, or the health and weight of the hens. Stephenson and Bry- 
ant” concluded that the use of a sod range during the laying 
period is preferable to keeping the birds in strict confinement, 
and that it seems advisable also to keep the birds confined to the 
house during the fall and winter months unless there is good 
green pasture available. 

Thomas” reported that Rhode Island Red layers fed a low 
protein ration supplemented the protein deficiency by consuming 
the clover and dandelions instead of the perennial rye grass. 
Temperton and Dudley” showed that the feeding of grass in 
comparatively large amounts to laying pullets did not have any 
adverse effects on health but did decrease egg production and 
produced a very deep-colored egg yolk. 

Good pastures for laying hens** have generally improved egg 
production and hatchability, reduced the feed requirements and 
lowered mortality. However, the yolk color was usually darker. 
Pastures of oats, Italian rye grass, Japanese mustard, and Kudzu 
and Bermuda grass have proven of value. 

Supplements 'of green feed have been reported** not to affect 
the interior quality of eggs, as measured by the albumen index, 
percentage of firm albumen, height of firm albumen, or yolk 
index. The only marked effect of feeding fresh grass is to in- 
crease the quantity of pigment in the yolk. Ovarian hemorrhages” 
leading to the production of blood and meat spots have been re- 
duced by allowing hens access to range. 

GREEN CROPS. Alfalfa and clover furnish a good feed when 
cut green and fed directly to the hens. These feeds are especially 
desirable for birds closely confined or runnmg on bare yards. 
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They furnish a good source of green food in summer when sec- 
ond- and third-cutting alfalfa and clover are available. Soybeans 
and the green cowpea plant have supplied green succulent fod- 
der.^^ Green forage crops have been used as a substitute for 
three-fourths of the mash for laying hens.** 

GRAIN PASTURE. For this purpose any of the grains may 
be used. It is available chiefly In the early spring, its main dis- 
advantage being its temporary nature, inasmuch as most of the 
shoots soon become old and tough. Rye, sown in the fall, or 
winter wheat is often used for this purpose. 

LAWN CLIPPINGS are usually not available in large quanti- 
ties but furnish good green food, especially if they contain some 
clover. Where lawns of any size are maintained in connection 
with the poultry farm, it is wise to catch the clippings for this 
purpose. 

CABBAGE is a succulent green food. The vitamin content is 
not so great as in the kinds of green food with thin green leaves. 
The outer, greener leaves also contain more of the vitamins. It 
makes an excellent green food although more expensive than 
some other forms. The small and unmarketable heads may be 
used to advantage in poultry feeding. 

SAUERKRAUT is another form in which cabbage may be fed. 

It has been fed to young chicks by putting the sauerkraut on a 
plate and sprlnklng feed over it. Mature birds may be fed 3 to 
4 pounds a day per 100 hens. The sour taste seems to act as 
an appetizer. The kraut is made in the usual way, except that a 
little less salt is used. 

RAPE Is often used where birds arc confined. It is fed much 
the same as cabbage. Sometimes the birds are given access to 
the field Itself later in the season. Rape gives a very dark color 
to the yolk of the egg, which, in some cases, has been considered 
an objectionable feature. 

KALE makes a very pood green food because of its palatabiltly 
and productivity. U will yield 20 or more tons of green material 
per acre. U is used very extensively on the Pacific Coast, where 
Iho thousand-headed variety Is chiefly grown. U is sown in sev- 
eral plantings In order to give a succession, and in some sec- 
tions it Is thus available the year round. It may also bo utilized 
as shade. 

In England,*" egg production was not satisfactory with the 
feeding of marrow stem kale to laying pullets. The health of the 
birds was not influenced and no substantial economy In pur- 
chased foodstuffs resulted. 
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OTHER GREENS, such as lettuce, onions, spinach, beet tops, 
Swiss chard, and the like, may be used to excellent advantage as 
green food. Waste leaves of cabbage, cauliflower, broccoli, and 
other plants can be utilized. 

SPROUTED grains” make it possible to provide green food 
at any time. The gram sprouter has been referred to as the 
poultry silo because the sprouted grains are ordinarily used as 
a winter and early spring source of green food. Oats are the 
common grain used for sprouting. Sprouted oats also provide a 
satisfactory way to use oats, since the absorption of water, while 
not increasing the nutrient, makes the grain more palatable and 
digestible. One hundred pounds of oats will absorb enough water 
to make about 350 pounds of the sprouted grain. There is an 
actual loss of dry matter” in sprouting oats so that the advan- 
tage of the process is to produce a succulent green food. Sprouted 
rye” was not as satisfactory as sprouted oats. 

GERMINATED OATS have been used in place of the sprouted 
oats. Results of feeding germinated oats to Leghorn pullets at 
Indiana” indicate these things. Germinated oats appeared to in- 
crease egg production during the winter months, but they had no 
significant influence upon egg production during periods of 10 
months’ duration. No benefit was derived from increased fer- 
tility and hatchabihty of eggs. There was no evidence to indicate 
that the fiber in the germinated oats was of any particular im- 
portance. On the other hand, the Delaware Station*^ reported 
greater mortality and lower production from pens receiving no 
germinated oats as compared with ones being fed the same in 
some tests, and little influence on egg production or mortality 
m other tests. 

Experiments with laying hens in Italy” proved that the winter 
lay was improved by feeding germinal^ gram The control 
birds lost weight, whereas the birds fed the germinated grain 
gained weight. 

SILAGE ^ is frequently suggested as a means of supplying 
green food. Favorable results have been reported although fre- 
quently the value of silage is overestimated 

The West Virginia Station concluded that because of the bene- 
ficial effect upon hatchabihty m the first test and upon egg pro- 
duction in the second, it would seem that, when available, a 
small amount of corn silage may be fed to laying hens in winter 
to advantage. On the other hand, there have been some cases of 
digestive disturbances They might have been due to the fer- 
mentation. As a form of succulence, corn silage has been used 
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satisfactorily by some poultrymen by mixing it in the mash after 
boiling it. 

Grass silage of various types has been given considerable at- 
tention. Payne and associates at the Kansas Station*' reported 
larger net returns per bird when pullets were fed immature 
cereal grasses, both in fresh and in ensiled forms. The feeding 
of oat grass silage resulted in the production of olive-colored 
egg yolks, commonly classified as "grass eggs." Darker yolk 
color was observed when hens were fed silage as compared with 
fresh cereal grasses. Restricting the silage consumption to 2 
to 3 pounds daily per 100 hens and feeding a high quality of silage 
eliminated grass eggs. There was no significant effect of feeding 
silage upon egg production. 

The Tennessee Station*'* concluded that silage feeding as a 
supplement to the regular rations was a desirable practice. The 
advantages of silage feeding included greater zest for eating and 
higher daily feed consumption, increase in weight over poultry 
not receiving such silage, and better physical condition as de- 
termined by appearance, vitality, weight production, egg produc- 
tion, and post-mortem examinations. 

The New Jersey Station’* reported that grass silage fed at the 
rate of 4 pounds per 100 birds per day prevented the usual drop 
in hatchability when alfalfa leaf meal and dried buttermilk were 
removed from the ration. The use of grass silage as a substi- 
tute for milk and alfalfa in chick rations up to a month of age 
was not fully satisfactory because of the inability of the young 
chick to handle such bulky material. 

Temperton and Dudley*® concluded that, in the feeding of grass 
silage to laying pullets, the two chief difficulties encountered 
were in cutting the grass sufficiently short and in getting the 
birds to eat the silage in sufficient quantity to effect a material 
saving in mash. 

The West Virginia Station” concluded that considering the 
labor involved in making immature siiage and the experimental 
evidence showing little or no beneficial results from feeding the 
silage to chicks in batteries, to growing pullets and layers con- 
fined in pens, poultry rations can be supplemented more effi- 
ciently by other vitamin carriers, especially for supplying ribo- 
flavin. 

A variety of crops can be made into silage. They include al- 
falfa, the clovers, timothy, rcdtop, orchard grass, bluograss, 
oats, wheal, barley, rye, lawn grass clippings, peas, and soy- 
beans. Good silage has been made with molasses (60 to 80 
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pounds per ton), phosphoric acid (20 pounds of 70 per cent per 
ton), or ground grain (150 to 200 pounds per ton). 

In the feeding of silage to mature birds the usual recommen- 
dation is to feed 4 to 6 pounds to 100 hens daily. They frequently 
will consume much larger quantities, but this is usually neither 
necessary nor desirable. 

ROOT CROPS AND TUBERS of various kinds have been used 
in the past to furnish succulence and to take the place of green 
food. However, their use has declined because it has been found 
that many of them furnish HUIe, if any, vitamins. Therefore, 
they do not function as true green foods. 

Mangle beets are liked by the fowls but furnish little, of any, 
vitamins. They would, therefore, furnish only succulence. They 
are a cheap and easily handled succulent. They can be stored 
easily in a root cellar or put where they will keep until spring. 
Mangles are usually fed about midday and given in such amounts 
that the hens will eat readily the rest of the day. 

Carrots, turnips, rutabagas, and other roots may be fed. A 
good way to feed these types of crops is to shred them. Carrots 
contain considerable vitamin A. The Michigan Station” reported 
that 4 to S pounds of carrots daily per 100 birds provided an 
adequate amount of vitamin A and that this product was a satis- 
factory substitute for alfalfa products in the laying ration during 
the winter feeding period. 

Potatoes do not furnish a source of green food They furnish 
succulence and may be used, however, after boiling and mixing 
with mash, but they function the same as gram and ground feed. 
They can also be fed raw. 

The essentials of a good root cellar are protection against 
freezing, proper ventilation, and drainage.®* 

HAYS^® have been used m recent years m place of green foods 
for poultry. The legume hays, particularly, have been fed for 
this purpose. In 1928 the Ohio Station stated that the best substi- 
tute for green food is a high-quality, leafy, immature-cut legume 
hay. The Washington Station reported that alfalfa hay, chopped 
into 1-inch lengths, proved an excellent substitute for green food. 
When it was kept before the birds at all times, they consumed 8 
pounds per bird per year. Well-cured, second- or third-cuttmg 
alfalfa hay is used Soybean hay has also been fed with good re- 
sults. It should be cut when the seeds are just beginning to form 
in the pods. All the hays are usually cut into Vz- to 1-inch 
lengths and kept available to the hens in wire baskets or con- 
tainers. 
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Clover or alfalfa chaff or leaves can be used either in the dry 
form, giving birds access to it as in the form of hay, or they 
may be steamed or soaked and mixed with a wet mash. 

DRIED GRASSES of various kinds have been fed to poultry 
with satisfactory results. In general, the dehydrated grasses or 
those not subjected to too much heat have given the best results. 
This is probably due to the better retention of their vitamin con- 
tent, especially vitamin A.^^ 

Alfalfa Meal has been the most widely used and has given good 
results. Ordinary alfalfa meal is of little benefit. Considerable 
variation^" is found in the composition and nutritive value of dif- 
ferent samples of alfalfa meal. This is particularly true as re- 
gards fiber, protein, ash, vitamin A, and riboflavin. Dehydrated 
alfalfa meals are generally superior to sun-cured meals, es- 
pecially In regard to the vitamin content. A good alfalfa meal 
should contain a high percentage of leafy material, have a high 
protein and ether extract and a low fiber content, and be fragrant 
and of a bright green color. Usually not over 5 per cent of al- 
falfa meal is included in the mash. 

The South Dakota Station** indicated that the optimum percent- 
age of alfalfa meal lies between 10 and 20 per cent and it will 
substitute for either bran or middlings, but egg production falls 
off if It is substituted for both. Better results were obtained 
when It was combined with middlings. The New Mexico Station** 
reported as satisfactory egg production from the birds receiving 
alfalfa meal as from those on green alfalfa range. The United 
States Experiment Station in Arizona*’ showed that sun-cured 
alfalfa meal was a poor substitute for fresh alfalfa, that sun- 
cured alfalfa leaf meal was more satisfactory than sun-cured 
alfalfa meal as a substitute for fresh alfalfa, and that whole al- 
falfa hays were unreliable as substitutes for fresh alfalfa. 

The Wisconsin Station*® reported increased egg production 
and hatchability by including alfalfa meal in winter rations. Al- 
falfa meal was better than dried cereal grass, although either 
one was effective. 

The Nebraska Station** reported that artificially dried sudan- 
S>^^ss meal could replace alfalfa meal in a ration for growing 
chicks. The Delaware Station** concluded that locally produced 
dehydrated ground clover and perennial grasses could be used 
m broiler rations in place of western sun-cured alfalfa leaf 
meal. Experiments reported from South Africa*® show that cow- 
poa hay meal could replace 8 to 10 per cent of alfalfa meal in 
chicken rations up to 10 weeks of age. 
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The Kentucky Station” concluded that because of the bulkiness 
of air -dried bluegrass, due to the high fiber content, it was not a 
satisfactory ingredient for all-mash rations for growing chicks 
but that the bluegrass should be fed ad libitum as a succulent 
feed. Leaf meals of Korean lespedeza , alfalfa, and lespedeza 
sericea replaced mixed wheat feed, on a basis of equal parts of 
protein in the feeding of growing chicks, but could not replace 
wheat feed and either dried skimmilk or meat scrap on a basis 
of equal quantities of protein. 

The Mississippi Station** found that kudzu meal and kudzu leaf 
meal compared favorably in chemical analyses with alfalfa meal 
and alfalfa leal meal of good grade. 

Other meals which have been fed with satisfactory results are 
brome grass, crested «heat grass, western wheat grass, brome- 
alfalfa mixture and Sudan grass meals,” ladino clover meal, 
desmodium meal and pigeon pea fodder meal,** mangrove leaf 
meal,** ramie meal,**'** kikuyu grass meal,“ and banana leaf 
meal.** Koa haole leaf meal and fresh green koa haole leaves** 
can be fed in moderate quantities. Creeping indigo leaf meal” 
depressed egg production, body weight, and feed consumption of 
laying birds and growth of chicks. 

DRIED VEGETABLE WASTES’* have been reported as being 
good sources of protein, carotene, and riboflavin. The Delaware 
Station concluded that all the wastes used (dried pea vines, lima 
bean vines, turnip tops, broccoli, and carrot tops) may be fed to 
broilers or other growing birds at as high a level as 8 per cent 
in place of alfalfa meal. The broccoli and turnip tops produced 
a significantly greater degree of pigmentation than the alfalfa 
meal. All the vegetable wastes were more palatable than the al- 
falfa meal. When used in a breeder ration cannery by-products 
have Improved a ration containing no alfalfa but was not quite as 
good. 

Semi-solid vegetable wastes** have also been reported as be- 
ing valuable for poultry feeding. 

Dried pea vines.** high quality bean vine meal,®* and dehy- 
drated celery tops** have ^en reported to compare favorably 
with alfalfa meal. Dehydrated flat pea forage®* was shoum to 
have no value as a protein supplement for growing chicks. 

DRIED BEET PRODUCTS.** Dried beet pulp as well as simi- 
lar products, such as dried cabbage, are not relished by fowls 
and are of questionable value in poultry feeding. 

Dehydrated beet leaves*’ have been fed satisfactorily at low 
levels. At higher levels there was a depressing effect due to the 
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oxolic acid content which could be overcome by increasing the 
calcium in the ration. 

PIMIENTO PEPPER has been fed to poultry by the Georgia 
Station.®® It gives a rich yellow color to the shanks, skin, and 
fat, the amount of color depending on the amount of pimiento fed. 
The eggs also had higher hatchability. 

MISCELLANEOUS GREEN FOODS. It is probable that almost 
any kind of green plant material can be used in feeding chickens, 
as well as other animals. Dried nettles have been reported from 
Italy®® to be beneficial for both chicks and hens. In California, 
the spineless cactus has been used as greens for poultry. No 
injury was apparent in the hen after rhubarb leaves’® were fed 
for 30 days as a supplementary feed. Leaves and young shoots 
of centrosema, ipil-ipil, and sweet potato and ipil-ipil leaf meal 
have been advantageously fed to ducks.’* 

EPSOM SALTS has sometimes been mentioned as a green food 
substitute. It is not a substitute for green foods but was used as 
an alternative for its laxative effect. 

COMPARATIVE EXPERIMENTAL RESULTS 

In comparing mangels, clover, and sprouted oats as green 
food, the Kentville (Canada) Experimental Station” reports 
clover as more productive than mangels, which were better than 
sprouted oats. In studying substitutes for fresh green food, El- 
ford ’ found the value of the various feeds studied to be in the 
following order: alfalfa meal, sweet clover meal, potatoes, man- 
gels, sprouted oats, Epsom salts. 

In a study of root crops at the Fredericton (Canada) Station,” 
it was found that swedes or raw potatoes were superior to man- 
gels, all of which gave better results than Epsom salts. 

In a study of the effect of certain green food substitutes (in- 
cluding sprouted oats, yeUow mangels, altalta leaves, alSalla 
leaf meal, and cod liver oil) upon egg production and hatchability 
at the New Hampshire Station,’® all substitutes studied were 
valuable sources of vitamin A, as measured by health and egg 
production. The cod liver oil pen excelled in egg production. 

The alfalfa leaf meal pen gave the highest hatchability, followed 
closely by the pen receiving alfalfa leaves. 

In a comparison of chopped alfalfa hay with alfalfa leaf meal 
at the Ohio Station,’® the egg production was somewhat better in 
the lot receiving the chopped alfalfa hay. The hatchability of 
eggs was practically the same in all lots. 
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Alfalfa leaf meal, sprouted oats, and germinated oats gave 
benefits in the order named as regards egg production, per cent 
hatch, and mortality at the Kansas Station,” In this experiment, 
the basal ration was deficient in vitamin A since white corn was 
used. 

Experiments conducted in Germany” indicated that all kinds 
of green foods and substitutes may be given to laying and breed- 
ing hens with good results. 

NECESSITY OF GREEN FOOD IN THE RATION 

Formerly green food was considered as being necessary or 
desirable in the poultry ration.” Now less emphasis is placed 
upon it. 

Since green foods owe their importance largely to the fact that 
they are important vitamin carriers, their necessity obviously 
depends to a large extenf upon the ration fed and the conditions 
under which the birds are kept. With a proper adjustment of the 
ration, it is possible to minimize the Importance of including 
green foods. At the Cornell Station, there was no apparent bene- 
fit in egg production during the winter from adding green food 
when cod liver oil and milk were included in the ration. They, 
in part, furnished the same elements which were supplied by 
green foods. There was some indication, however, that hatch- 
ability was benefited by the inclusion of green foods in the ration. 

With an increase in our knowledge concerning vitamins, their 
distribution and functions, we shall probably be able to adjust 
our rations so as to use little or no green foods and still secure 
optimum results in all respects. Some reports** indicate that 
normal growth of chicks may be obtained on rations containing 
no green plant tissue. It has also been shoviTi** that green feed 
is not necessary in rations for good egg production. 

In surveys made in connection with pullet management cam- 
paigns, It has been noted that there was no difference between 
the flocks receiving green or succulent feed and those receiving 
none. U should be noted, however, that the rations fed usually 
contained some alfalfa and milk. 

In an economic study of poultry farming in New York,” m- 
c uding surieys from 123 farms, for the year ending Septem- 
ber 30, 1930, U was found that, apparently, there was no differ- 
production per bird resulting from the use of green 
ood or germinated oats. “It is believed by some that green feed 
or germinated oats increase feed mtake. At times succulent 
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green feed may serve as an appetizer, but from these data there 
seems to be some question whether it Is worth the trouble re- 
quired in feeding it." 



No Green 
Food or 
Germinated 

Green Food 

Green Food 
and 

Germinated 

Germinated 


Oats 

Only 

Oats 

Oats Only 

Number of farms 

52 

51 

5 

15 

Eggs per hen 

142 

149 

139 

143 

Number of birds 

1S42 

1265 

1640 

1507 

Per cent lay Octo- 
ber December 

22 

24 

19 

21 

Pounds of feed per 
bird 

82 

84 

83 

60 


GROWING GREEN FOOD 

The attempt to provide green food from pasture for large 
numbers of hens has been gradually abandoned. Pasture cannot 
withstand the attacks of hens and is soon depleted. Instead, 
green food is grown in separate fields, harvested, and fed to the 
hens. In some instances severe losses due to ground contamina- 
tion or predators have also encouraged confinement rearing, 
with the feeding of freshly cut green food, in place of range rear- 
ing. 

Another important value of growing green food for chickens is 
the shade with which it provides them. Furthermore, the grow- 
ing of crops helps to keep the ranges and yards in sanitary con- 
dition. For ranges, crops commonly grown are corn, soybeans, 
and sunflowers. For the cropping of yards and runs, rye, oats, 
and rape are usually planted. 

POULTRY GREEN FOOD GARDENS AND CALENDARS. As 
a suggestion for the possible production of different types of 
green food for poultry, outlines for poultry green food gardens 
and calendars for the different sections of the country have been 
suggested.®’ 

AMOUNTS OF GREEN FOOD FOR POULTRY 
Where poultry is allowed to range, it will gather its green 
food. Usually it Is allowed free range at all times. This is sat- 
isfactory where large fields are available and it is not neces- 
sary to conserve the feed supply. 
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Under unlimited range conditions, the birds will usually eat 
more green food early and late in the day. It was noted in 
Australia^ that the pen with free choice {range) consumed 
more than the pens fed green stuff at noon, and that a consider- 
able portion of it was eaten the last thing before the birds went 
to roost. The feeding of green stuff after the grain feed at night 
has resulted in a great improvement in the number of eggs laid. 
Therefore, on small ranges and when weather conditions are not 
favorable, the flock is frequently turned out to pasture only for 
an hour or two each morning or evening. If the flocks are large 
or the areas small for cropping, poultrymen may keep the birds 
confined and bring the harvested material to the birds each day. 


The amounts of green food that the hens will consume each 
day varies considerably. One hundred healthy hens will often 
consume 12 to 15 pounds of green food each day if they have 
green food in ample supply continually. Also certain kinds are 
relished and eaten In larger quantities. 

There is a question concerning the amounts of green food that 
are necessary or desirable. There is the possibility that we 
jnlght, under some conditions, furnish too much green food That 
IS true because we are furnishing a bulky feed containing 90 per 
* water and very small amounts of actual nutri- 

enis. Therefore, U we fill up the birds on this bulky feed, it is 
consume sufficient amounts of grain and 
n order to get enough of the nutrients to give maximum 
pr^uction. The New York Experiment Station” concluded that 
not more than one-lhird of the total ration can consist of coarse 
nrnrf about 10 per cent of the dry matter, without un- 

^ itnujishing production. For simple maintenance, 

Wn ^ From Finland*® it has 

poultry cannot utilize more than 5.5 to 7 per 
of pasture. Hainan®’ indicated limits 

cent fnn f/ or grass as 5 to 10 per cent for fowls, 16 per 
geese ^ ducks, and 100 per cent for 


found the optimum amount of green food is remains to be 
awfre^ ,../k different conditions Favor- 

of the tnt^ii Obtained where approximately 15 per cent 

than 4 to fi “P ot green food. Probably not more 

Stat^n^ from November to May, the Ohio 

P s a consumption of G pounds per bird for that 
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period. The Washington Station®* indicates that where alfalfa 
hay, chopped into 1-inch lengths, was kept before the birds at 
ail times they consumed 8 pounds per bird per year. Where 
succulent green feeds are used, it will require 12 to 15 pounds 
a year for each hen. 

The amount of land necessary to grow the green food crops 
will depend upon the amount to be fed and the system of feeding. 

recommendations for practice 

Some green food or its equivalent should be provided in the 
ration. Where a good range is available during the spring and 
early summer, the birds will get all they will need by pasturing. 
Particular attention, however, needs to be taken during the sum- 
mer and fall when the grass begins to dry up. That is the time 
of year when green food Is neglected even more than during the 
winter time. Under those conditions, the birds are outdoors, 
getting sunshine and exercise, but very little, if any, green food. 
At that time of the year, fresh-cut clover or alfalfa, rape, or 
any other green stuff can be fed, or the ration should be changed 
to supply the equivalent nutrients. 

The use of dry products instead of the succulent forms is 
practised more extensively. This is usually done by feeding 
clover and alfalla leaves or chopped green alfalfa hay in wire 
baskets or containers. Or alfalfa meal is added to the mash. 

Since the green foods have an influence on the yolk color, the 
amounts fed must be limited where the market demand is for 
pale-yolked eggs. On this account, as well as its effect on pal- 
atability, alfalfa meal should be limited to 5 to 10 per cent of 
the mash. Where milk, yellow corn, some alfalfa hay or meal, 
cod liver oil, some animal protein, and a combination of the 
ordinary cereals are used in the ration, it is doubtful whether 
it is necessary to supply fresh green food, except when it is de- 
sired for its physiological effect or to keep the birds active to 
prevent picking. 

When the fresh green foods are used, they are usually fed at 
noon in such amounts as the birds will eat before night. About 
4 to 6 pounds per 100 hens a day are sufficient. When hay is 
fed, it is kept before the birds at all times in appropriate con- 
tainers. 
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CHAPTER 9 


FACTORS IN MAKING 
A POULTRY RATION 

In formulating rations there are many factors which must be 
considered, and the final result must be the best balance of all 
these factors. The best results cannot be obtained unless the 
ration Is complete. In order to make a ration complete, it must 
meet certain requirements. The results obtained will be in pro* 
portion to Us completeness. 

ESSENTIALS OF A RATION 

PROTEIN. The ration must contain suitable protein, both as 
to amount that is present and as to Its nature or quality. R 
essential that a certain minimum amount be present in the ra- 
tion. Quantities can be larger without actual harm to the bird, 
but large quantities are not economical since the protein feeds 
are relatively expensive. 

The protein must also be of correct quality. The proteins of 
various feeds differ because all do not contain the same amino 
acids, or where they contain the same ones they are not present 
in the same proportions. It is these differences that account for 
variations in quality of proteins. Furthermore, some of these 
amino acids seem to be more important than others. 

The requirement for protein varies for different purposes. 

The growing animal needs more than the mature bird. Also the 
egg producer requires more than the nonproducer. The growing 
chick needs more protein in early life, when it is growing rapid- 
ly, than it does later on when relative growth slows down. 

With our increase in knowledge, the requirements of a ration 
will be considered from the standpoint of amino acids, rather 
than from the standpoint of the more complex proteins, because 
it is really the deficiency or lack of any one of them which will 
limit results. Sometimes an increase in the percentage of total 
protein has resulted in Improvement, not because the animal 
needed more total protein but because, by increasing the total 
protein, the amount of a certain amino acid which was deficient 
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in the smaller quantity was also increased. The same improve- 
ment could have been obtained without increasing total protein, 
but by making adjustments in feeds so as to bring the amount of 
that particular amino acid up to the necessary level. Until such 
time when we shall have more definite information on this sub- 
ject, the safe practice is to use a reasonable variety of feeds in 
our rations, including animal protein feeds. 

ENERGY. We must also supply an abundance of energy or 
fuel to keep the animal working properly, that is, to furnish 
energy to keep up body temperature and supply the body proc- 
esses. This energy is often expressed as calories. It really is 
in part a matter of total food consumption. It is an Important 
factor, since very often results In production, even with a bal- 
anced ration, are limited by a lack of food intake. The art of 
feeding consists In gelling the birds to eat sufficient feed daily. 

This energy is furnished usually in the form of carbohydrates 
and fat, which are considered the energy portion of feeds and 
are most economical for that purpose. Protein can be used for 
this purpose when fed in excess, but it Is too expensive to use 
for energy. Besides furnishing energy, some of the fatty acids 
are also essential as such. 

MINERALS. The ration must contain a suitable inorganic 
content. The practical poultryman must consider only the ones 
that might probably be deficient tn his ration. When using a good 
ration, including natural feeding stuffs, the deficiencies are not 
many, being probably only sodium, chlorine, calcium, phospho- 
rus, manganese, and Iodine. 

The sodium and chlorine arc furnished by common salt. Cal- 
cium for eggshell formation ts best supplied In the carbonate 
form. Oyslorshclls and limestone will supply calcium. tVhoro 
wheat by-products, meat scrap, and milk arc used, there wUI 
usually be enough phosphorus. If phosphorus ts determined to 
be necessary, Iwnc meal or other phosphorus carriers arc usu- 
ally fed. Manganese is added as a manganese compound, and 
Iodine as Iodized sail. 

Where minerals are necessary, they need to be added tn only 
comparatively small quantities. U Is possible to add too much 
of some. For in.stancc, too much calcium will depress grouih 
and Increase mortality In chicks. Too much magnesium will 
vpset the birds. An excess of fluorine is also detrimental. We 
also ftnd In the body certain minerals balanced by others, so 
that excesses of any of them might so use up the others as to 
cause deficiencies that would not occur without such excesses. 
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Thus It is necessary to show judement and precaution In re- 
spect to minerals as much as In handling other parts of the ra- 
tion. The attitude of some persons, namely, that the addition of 
minerals will do no harm, even if they do no good, Is not sound. 
Furthermore, the opinion sometimes encountered that if a small 
amount of minerals is good a large amount should be better is 
entirely unjustified. 

VITAMINS. The ration must contain sufficient vitamins. The 
quan y 0 ^ any of the different vitamins required by poultry 
varies with age and condition. Chicks and laying hens have a 
larger vitamin requirement than nonproducers. In this Instance, 
molting hens should not be classified as nonproducers. 

be classified as production. In the 
snru growth and the laying of eggs, and it makes neces- 

WATER 'a p'' ■>' 

lain an atanrfi'*' SUNSHINE. The ration must con- 

tain an abundance of these (actors. 

lus Hi^ cieon^fit water supply is neglected Water is 

in mind the im V probably more necessary to keep 

maU beeJuiTf ® than for other anl- 

have water avau-Ihf habits of poultry. Poultry needs to 

of only small am ® constantly, because it partakes 

he wMcrS onL “ T"' 

sufficient ammintc ® ^^y* which time they can drink 
Water Is necessa*^ carry them through the rest of the day 
on the various bodJ a 
tton, aids ta Us asLmu J. 

In the distrlbutioa of Hip nT’ important as a carrier 

body. It also luncllons in Pef*® ‘he 

helps m cualiac bo'’d7te„:S:crrr ““ " 

Probably around^sAcffln^ ‘ho body ol the fowl itself, 

made up of water The more of the fowl’s body is 

roughly about 65 ner ® ''®^y ^®rge water content; 

contain over a pint of min'!.’ ‘"“-“'irds ot the egg. A dozen eggs 
and mash, which constlh,.. 'eeds, such as gram 

bird, are very low |“Epst part ot the feed of the 

around 10 to 15 per cent running usually somewhere 

If water is not availablp » 
hindered. Secretions and » and assimilation will be 

thickened, the body be limited, the blood 

result. An individual can n *^®ised, and finally death will 
«ve a longer period of time if only 
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water, rather than food, is available. The body tissues will be 
drawn upon for a supply of energy. If water is restricted, death 
will occur comparatively rapidly. A decrease in the supply or a 
restriction of water to poultry will decrease egg production and 
finally stop it. Egg production can be stopped almost entirely in 
the course of 48 to 60 hours by taking away all water. 

Water should be available at all times. The hen drinks little 
at a time, but very frequently. It is necessary to have water 
available whenever there is feed available. With our present 
system of dry mash feeding, this means whenever the birds are 
off the roost. This might prove to be a very important factor 
during freezing weather and where artificial illumination is used. 

The amounts of water that are consumed by birds are influ- 
enced by several factors. More water is consumed during hot 
weather. When the birds are producing more heavily under the 
same conditions of temperature, there is a higher consumption 
of water. 

As far as actual water consumption is concerned, the follow- 
ing figures might be of Interest in showing the amounts consumed 
daily by one hundred Single Comb White Leghorns. 


November 

11 quarts 

May 

20 quarts 

December 

11 

June 

22 

January 

13 

July- 

20 

February 

15 

August 

1C 

March 

17 

September 

14 

April 

19 

October 

13 


Frequently the question is asked concerning the necessary 
lomporaturo of the water. U should not be too cold in winter or 
too warm In summer. The chill should be taken off in the winter 
because, if the water ts too cold, U docs not encourage the hens 
to consume wh.^! is necessary. Oregon* reports that pullets 
drank 25.4 per cent more warmed water than cold water during 
freezing weather. Results at Idaho* Indicate that hens in pens 
receiving water warmed to 40 to 50* F. consumed 20 per cent 
more water and gave an egg production decidedly in favor of the 
pens receiving the u-arm water. 

Presh Air. Sufficient fre.sh atr must bo supplied to furnish 
the oxygonTor combustion or burning the feed .and to carry off 
iurmful waste products. The amounts of oxygen that are neces- 
sary depend upon the amount of food llial needs to be broken 
down and mct.iboll7.ed. the amount of u*ork that the individual 
does, and to some extent upon the Icntperature of the environ- 
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ment The rate of metabolism determines the amount of oxygen 
that is required. The problem ol providing air in the poultry 
house is to remove moisture rather than to furnish enough oxy- 

^^Lieht and Sunshine. Light and sunshine are two of nature’s 
benehciaTTactors. These factors are not only the ultraviolet 
rays supplying vitamin D but some of the other rays of sunshine 
as well, which are being shown to be necessary for the well- 
being of the animal. 

PROPER MECHANICAL OR PHYSICAL CONDITION. This 
factor has a bearing upon food consumption. The capacity o e 
fowl for food is limited and must be used to the best advantage 
if high production is desired. It is necessary to obtain adequate 
food consumption, which will not be accomplished unless the 
ration is palatable. This factor must, therefore, be kept in mind, 
since it is possible to have feeds with correct analysis that are 
not consumed in sufficient quantities. Consequently, we should 
avoid, or at least greatly restrict the amount of, such feeds. 

Palatablhty depends to some extent upon the mechanical con- 
dition of the feed. Such characteristics as hardness of kernel, 
size of particle, stickiness when mixed with water, and bulkiness 
must be considered. Fowls do not like a very hard kernel. The 
particles should not be too large. When mixed with water, the 
ration should be crumbly. Thus large amounts of sticky feeds 
should not be fed. 

As regards bulk, the ration should be reasonably filling and 
yet be able to pass readily through the body. A certain amount 
of bulk is necessary, especially with a concentrated diet, to en- 
able the digestive juices to act readily. Furthermore, Sheehy 
concludes that a feed mixture which, in addition to being com- 
plete, contains the proper amount of bulk and fiber, that is. is 
satisfactory from the mechanical aspect, controls feather pluck- 
ing. The retention, by feed, of much water in the alimentary 
tube and the appearance in the lower gut of bulky, semi-liquid 
material, rather than dry dense residues, give a feeling of sa- 
tiety which inhibits the development of cannibalistic tendencies. 
The birds must have a feeling of being comfortably filled. The 
perverted appetites of birds are frequently an attempted correc- 
tive against concentrated rations. On the other hand, too much 
fiber should be avoided, as the fowls have to grind everything 
taken into the body even though they digest little, if any, of the 
fiber. The fiber should be kept as low as possible. It should not 
go much beyond *^.per cent lor the whole ration. Hence too much 



FACTORS IN MAKING A POULTRY RATION 


267 


oats, buckwheat, ground oats, wheat bran, alfalfa meal, and the 
like should not be fed. Too much fiber might cause constipation 
and inflammation of the digestive tract. 

Shaw and Fisher^ state that bulk or cubic content of a food is 
one of the first considerations in making a poultry ration meet 
feeding standards. Hainan* Indicates the following: 

In trials with adult fowls it was found that the maximum amount of 
food they would eat as a mash was 290 cubic centimeters. The volumes 
of a certain number of foods were measured (Table 15] and variations 
from 33 c.c. to 185 c.c. per ounce were obtained according to the foods 
and their mechanical condition. Thus, one ounce of wheat measured 39 
c.c. as grain and 50 c.c. as meal. One ounce of broad bran measured 
185 c.c. dry and 140 c.c. wet. 

If it be assumed that the food capacity of an adult bird is 290 c.c. it 
would eat just over 2 ounces of wet bran daily, or 5.8 ounces of wheat 
meal. Any feeding standard based on a daily consumption of 4 ounces 
of food would, therefore, not work In practice if the volume of the food 
exceeded 73 c.c. per ounce. Actual cases of failure of egg production 
attributed to this cause have been brought to notice; the food was per- 
fectly balanced and adequate for egg production on the assumption of a 
4-ounce dally consumption, but (ailed because it was bulky, owing to 
the presence of excessive hber, so that the bird was unable to consume 
the whole 4 ounces considered necessary. In constructing rations for 
any given purpose It Is, therefore, essential to pay strict attention to 
the volume or bulkiness of the food. 

Sheehy and Shell* report that food consumption figures Indi- 
cate an effort on the part of the group receiving a ration of low 
concentration to compensate for the comparative poverty of the 
ration by eating an excess of it, that the rate of growth increased 
progressively as the concentration of the mash'was raised, and 
that the more concentrated mash conduced to greater egg pro- 
duction in the prewinter period. In an experiment conducted at 
Cornell in which three pens received the same ration, except 
that one contained 20 per cent of bran, another 20 per cent of 
standard wheat middlings, and the third 20 per cent of red dog 
flour, the average food consumed by the birds was In relation to 
the bulk of the ration. U required more grams of feed to pro- 
duce an egg on the bran ration than on the middlings ration, 
v^hich in turn required more feed than the red dog flour ration. 

The ration must not be too coarse or too fine,’’* since tex- 
ture will affect food consumption. In general, oats and barley 
should be fine ground, whereas com and wheat should be ground 
coarse. Dusty feed is disliked. Medium to coarse rations have 
rencraUy given belter rcaulls than very lino or very coarse ra- 
Uon.s. More feed is wasted in the drinking water when birds are 
fed finely ground feed. 



208 FEEDING POULTRY 


TABLE 15. WEIGHTS AND BULKINESS OF FEEDS • 


Weight 

Bulkiness, 

Feed 

per 

Bushel, lb. 

cc. per oz. 
Dry Wet 

Alfalfa meal 


75 

Barley 

48 

43 • • 

Whole 

48 

33 

Meal 


Blood meal 


Buckv-heat 

Whole 

48 

50 

45 

Meal 


Com 

U'holc 

56 

41 

Meal 

48-50 

49 

Dried buttermilk 


45 

Dari 

Whole 

SC 

40 

Meal 


50 

Peanut meal 


46 

Fish meal 


43 

Gluten feed 


57 

Meat meal 


45 

Millet 

Whole 

50 

37 

Meal 


S2 

Dried sklmmilk 


48 

Oats 

Whole 

32 

53 

Fine-ground 


74 

Peas 

W^olc 

60 

36 

Meal 


55 

n>r 

56 


So^lK'an meal 


52 

Wheat (hard) 

Whole 

CO 

39 

Meal 


SO 

Wheat (soft) 

Whole 

CO 

40 

Meal 


47 

Wheal bran 

20 

165 MO 

Wlirat rntdlllM; (fine) 


52 SO 

Wheat mldlllng (coarse) 


79 '0 

• Ministry of Acrltulture 

and Fisheries. Great Drllaln. Bui ^ 
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A condition called pressure necrosis®’® is attributed to the 
fine consistency of the ration fed. This condition is apparently 
due to a combination of factors. Birds closely confined in a 
brooder battery and fed finely ground food might eat the dry 
mash without taking sufficient drink to keep the mouth clean of 
adhering food material. The calcareous-like mass of accumu- 
lated food material in the mouth results in the pressure necro- 
sis. causing the loss of either the upper or the lower mandible. 
The incidence of curled or deformed tongue*® in turkeys was 
reported greater on fine mash than on coarse mash or pellets. 

ABSENCE OF FACTORS HAVING UNFAVORABLE PHYSIO- 
LOGICAL EFFECTS. It is necessary that nothing be present 
to cause the Individual to function abnormally, since the best 
results can be obtained only when the individual approaches 
normality. It is entirely possible to meet all the conditions al- 
ready stipulated and yet overcome their favorable influence by 
the presence of a toxic or poisonous substance. 

Injury wrought by microorganisms in the alimentary tract 
would prevent the hen from making the best use of the feed. In 
fact, any condition of disease would to a greater or lesser de- 
gree cause pathological functioning. 

We might also have such undesirable physiological effects as 
constipation or looseness of the bowels, caused by ihe inclusion 
of too much of certain ingredients in the ratjon. Some feeds, as 
oil meal, wheat bran, molasses, and dried whey, are laxative, 
whereas others, like cottonseed feed, are constipating. 

FACTORS IN SELECTING THE RATION 

Besides the essentials of a ration the following factors should 
be considered. 

ADAPTABILITY. It Is necessary to consider the purpose of 
the ration, that is, its adaptability for the purpose. The ration 
needs to be changed to meet the requirements of the particular 
purpose. Sometimes it means a change in the ration itself, that 
is. a change In the mixture or the ingredients of the ration. 
Sometimes It may mean a change in the method of feeding or the 
management of the birds. By adapting it to the purpose, we con- 
sider whether we are feeding for egg production, for growth, for 
fattening, for the handling of broody hens, the care of setting 
hens, or management of the birds during the molting period, li 
may moan the care of pullets for egg production under various 
conditions or at different times of the year, or it may mean the 
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manaeement ol breeders. Furthermore, we might be concerned 
with the feeding of other kinds of poultry such as 6®'= ’ 

turkeys, pigeons, or game birds. Each of these conditions or 
purposes has some specific or definite considerations that need 

NlirarriVE ratio or balance. Another factor to be con- 
sidered is the nutritive ratio or the balance of proteins to car- 
bohydrates and fat. This factor Is Important because the P™'"’ 
is necessary to build up the parts that arc nitrogenous and be- 
cause the protein cannot be replaced by the carbohydrates ana 
fat. The carbohydrates and fat can be replaced to some exten 
by the protein, in that protein can furnish energy. 

We must keep in mind the fact that the hen usually will not 
produce an egg unless that egg can be complete. Therefore, the 
quantity of production will be limited by the part of the ration 
that is present in lowest proportions. For example, if wheat 
alone is fed, as far as the protein is concerned, the hen would 
be able to lay one egg every 3 days; as far as the lime is con- 
cerned, she could produce one egg every 12 days; and as far as 
the carbohydrates and fat are concerned, she could lay 3 eggs 
every day. Another comparison which brings balance out quite 
clearly is the rating of feeds In terms of potential yolks and 
whites which different feeds can form. This method was used 
by Quisenberry.“ For example, he estimated that 100 pounds 
of corn would be capable of producing 255 yolks and 134 whites, 
because corn is a wide feed containing more carbohydrates and 
fat. If corn alone was fed, there could be used only enough of 
the yolk material to produce 134 eggs, since the protein is a 
limiting factor. The remainder would not be used for that pur- 
pose. It might be stored as body fat, but most of the excess 
would not be used. It would be wasted. On the other hand, m 
meat scrap there are enough carbohydrates and fat in 100 pounds 
to produce 106 yolks and enough protein to form 1100 whites. 
Thus most of the protein could not be used. Hence a balance is 
needed in order to get as nearly as we can a combination of feeds 
which will supply a sufficient quantity of these various nutrients 
in proper proportions, so that there will not be an excess of any 
part to be wasted 

What will be the probable results if an unbalanced ration is 
fed? The ration might be unbalanced in being too wide, contain- 
ing too much of the carbohydrates and fats. If that is true, there 
will be failure to produce growth in young stock because we are 
limiting the muscle builder. At first, we would get a storage of 
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fat, because some of the excess carbohydrates and fat would be 
stored in fatty tissue; but this would not go on Indefinitely, and 
some would be wasted. In mature birds egg laying would be re- 
tarded for lack of the protein to furnish the albumen or whites 
of the eggs. Again, we would probably get some storage of fat, 
but that also would probably be accompanied by a softness or 
flabbiness of the muscles of the birds. Such birds would be 
more subject to disease and internal hemorrhages. 

On the other hand, we might have a ration that is too narrow, 
furnishing more protein. This Is a more costly practice be- 
cause of the higher price of the protein part of the ration. There 
would be incomplete digestion and probably indigestion of some 
kind. The kidneys and liver might be overtaxed because they 
would need to get rid of the excess nitrogen waste. Uric acid 
poisoning might develop under those conditions. 

The question might be asked whether it is possible to over- 
feed a balanced ration. The answer to that is only one of opin- 
ion; but it is probable, if we have a proper mechanical condition 
of the ration, that the birds would not overfeed on a balanced 
ration. 

DIETARY REQUIREMENTS. There must be a sufficient quan- 
tity of feed and a sufficient quantity of the different nutrients to 
furnish the necessary material for the production of the product. 
Dietary requirements are available for some of the nutrients. 

The National Research Council** has Issued recommended nu- 
trient allowances for poultry. These furnish a good guide for the 
calculation of rations. However, the final measure will be the 
results obtained in feeding the rations. 

VARIETY. Variety in the ration stimulates the appetite and 
increases the consumption of food. Of the same or similar 
breeds or varieties of chickens, the large caters are the best 
layers. The birds that consume the most food have more ma- 
terial to make eggs or meal and are likely to lay more or to 
Rrow more. In fact, there is a distinct relation betw’cen the 
amount of food consumed and the number of eggs laid, where 
birds of the same size and variety arc compared. 

Furthermore, until such time when we know the exact make- 
up of feeds In respect to all its different parts, and until we 
know more about the quantitative requirements of poultry, it 
will be a safer practice not lo limit the poultry ration to a very 
few feeds. 

U is desirable that the mash mixture contain five or more In- 
gredients. one being a source of animal protein food. The grain 
mixture should contain at least two grains. 
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There is also the possibility that there are still unknown fac- 
tors in poultry feeding which might be supplied by using a variety 
of feeds. On the other hand, it is not necessary to go to the other 
extreme and include fifteen to twenty-five ingredients in the poul- 
try ration. Variety should be reasonable in amount, particularly 
since it usually can be provided without increasing the cost. 

COST AND AVAILABILITY. Naturally the ration should be 
modified to fit the local market and farm conditions. Home- 
grown grains should be fed just so far as is economical. The 
particular value of each feed must be considered. For example, 
it is economy to use the feeds which give profitable results m 
feeding practice. The value of the feeds should also be computed 
on the amount of available nutrients, for It is the digestible part 
that is of use to the bird; U is the digestible portion that be- 
comes a\'aUable and is made into eggs or flesh. It must be 
borne in mind, however, that the feed In question may be ren- 
dered more or less valuable than indicated by its total digestible 
nutriment by such other factors as the nature of the feed, the 
quality of the nutrients, palatabillty, and fiber content. 

FACTORS IN SELECTING FEEDS FOR A RATION 

Composition or chemical analysis is not the only thing to be 
considered in selecting feeds. Other factors must be thought of 
when one is making a choice. 

PALATABILITY. Palatabillty is an important factor because 
the birds must consume large amounts of feed. In general, we 
can say that the more feed the bird consumes, the greater will 
be the returns in production. This is true both for eggs and for 
growth The birds soon learn to pick out the feeds that they like 
and to eat quantities of them. The factor of palatabillty raries 
sometimes with the same feed, depending upon its condition. For 
example, dry oats are not so palatable as germinated oats, 
sprouted oats, or even just soaked oats. The palatabillty of in- 
dividual feeds necessarily has its effect upon the mixtures in 
which they are used. It is not impossible to use, in a mixture, 
feeds that are unpalatable, but it is not wise to include too large 
quantities of them in the nfiixture for fear it might affect the 
naIntaViiliiv nf Iho ttkyI.i-o 
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has little importance during the act of feeding. The hen can dis- 
tinguish three tastes: sour, salty, and bitter. Wheat-form ker- 
nels of grain are preferred, and the larger kernels are usually 
eaten first. Color does not play an important part. In the case 
of grits one report has shown a marked preference for light- 
colored grit (grey, white) as compared with dark-colored ones 
(blue, green, brown, black). 

There is a difference in the palatability of feeds. In practi- 
cally every case reported, wheat is eaten in the largest amounts 
and might easily be considered the most palatable feed for poul- 
try. Next in order of palatability are corn, kafir, barley, oats, 
sunflower seeds, peas, and rye. Rough rice also is very palat- 
able. Buckwheat is not eaten readily. In testing the liking of 
chicks for certain seeds, Newbiggin and Linton‘* conclude that 
color, size, dullness or shininess, and chemical composition 
have no influence upon choice. The grains eaten in largest quan- 
tities were those offered In their natural state, that is, neither 
decorticated nor kibbled. They conclude, therefore, that “natu- 
ral” foods may be selected In preference to “treated” foods. 
Hens also seem to prefer the softer kernels of grain. 

Of the ground feeds, corn meal is eaten in largest amounts. 
Wheat standard middlings and wheat bran are next In order. The 
meat products and milk usually rate good. The flaked buttermilk 
is eaten more readily than the powdered.^® Semi-solid butter- 
milk is usually well liked. Red dog flour, flour middlings, oil 
meal, blood meal, ground oats, and alfalfa meal are not so palat- 
able, Unpalatable feeds decrease food consumption of a mixture 
in which they are used unless the amounts used are small and 
are balanced by the great palatability of such feed as corn meal. 
Palatability of ground feeds seems to be closely linked with their 
physical condition. Feeds that are sticky, bulky, or fibrous are 
not liked. Granular feeds are attractive. 
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a little more digestible than those in a nonsucculcnt condition. 

The addition of salt to the ration does not affect the digesti- 
bility of the feeds. The addition of salt might increase the quan- 
tity of feed that Is eaten. In that way, we might make aN-allable 
to the birds a larger amount of nutrients by a greater feed con- 
sumption. 

The grinding of the feed may or may not increase digestibility. 
It is thought that grinding of the feeds for poultry slightly de- 
creases digestibility. If feed is furnished in the whole form, 
such as grain, the hen has to grind the feed so that It stays In 
the digestive tract for a longer period and the digestive juices 
have more lime to act. The amount of feed actually digested 
probably depends upon the amount of digestive juices, as well 
as the length of time the feed is exposed to the digestive process. 
In feeds that are passed rapidly through the digestive tract we 
find low digestibility. This seems to be true when comparing 
corn meal with cracked com. The low digestibility of such feed 
as wheat middlings, which is slightly laxative, compared with 
other feeds of similar composition. Is probably due to rapid 
passage through the digestive tract. Any feeds that stay longer 
in the digestive tract probably have a larger proportion digested. 

In general, we might say that cooking feeds lowers the digesti- 
bility of protein, but Increases the digesliblliiy of starch. As 
far as we know, the age of the individual or the breed does not 
affect the actual digestibility of the feed This is also true of the 
frequency of feedmg or the amount of feed that is given. 

Assuming that we do not have factors entering in that will 
cause a more rapid passage of the feed through the digestive 
tract, digestibility is affected by environmental and external 
conditions. The flaw* of the digestive juices Is very readily 
checked by fright and other disturbances. 

As a general rule, we can say that the most palaUble feeds 
are also the most digestible, probably because a favorable and 
vigorous activity is promoted in the digestive tract. 

WHOLESOMENESS. Another factor to be considered is the 
wholesomeness or quality of feeds. In poultry feeding, this qual- 
ity IS quite important. The hen has a very dull taste perception 
Very little saliva is secreted, and Uste organs are not present 
to the extent that they are m other farm animals. That means 
that it IS quite possible to gel substances not entirely wholesome 
into the body of the hen. One of the first indications that this is 
happening is loss of appetite and diarrhea. Besides, we have 
certain other specific conditions. In the case of moldy feed or 
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litter, we frequently get infection from the aspergillus mold, 
causing aspergillosis. Very often when we have that condition, 
we say that the birds are going light. Where birds have access 
to putrid meat, we might have cases of Umber neck or ptomaine 
poisoning. We must be sure, therefore, that both the feed and 
the litter are of good quality. It does not pay in poultry feeding 
to take a chance on either one of them. 

EFFECT ON THE QUALITY OF THE PRODUCT. The qual- 
ity of the product might be affected by the feed. Some feeds do 
have an effect upon the color, flavor, odor, and other character- 
istics. 

Effect on Color . The origin of the coloring matter in the yolk 
of^e egg^nd the body of the fowl is the food of the hen.^’ The 
bulk of the coloring matter in hens’ egg yolk is xanthophyll. Xan- 
thophyll is the general term used to describe carotenoids of the 
formula C40H56O2. The hen has the ability to store xanthophylls 
but practically no carotene, the cow assimilates carotene but 
practically no xanthophyll. Chicks raised on rations almost de- 
void of carotenoids produced hens normal in all respects, except 
for the lack of yellow color. The yolks of the eggs produced 
were devoid of pigment. The effect of feeds depends upon the 
amount of coloring matter present. 

Effect on Body Color . In one trial, where white corn meal 
was substltutedlor the yellow and no green food was fed, the 
yellow pigment gradually faded from the shanks, beak, and skin 
and at the end of 6 weeks the yellow pigment was left only In the 
toes. Helman and Tlghe‘’ reported that increasing the pigment 
intake of chicks resulted in the proportional increase in the con- 
centration of the pigment In the shanks, that the pigment accu- 
mulated in the shanks in an essentially linear proportion In re- 
lation to time, and that, where the pigment was withdrawn from 
the ration, there was a steady loss of pigment from the shanks 
until they were practically colorless. 

Certain common poultry feeding stuffs, such as meat scraps, 
fish meal, fish oil, and soybean oil meal, contain a factor, or 
factors, which inhibit the deposition of yellow pigment^® in the 
shanks of growing chicks. Bird further showed that with mashes 
designed to produce rapid pigmentation, a 10 -day period was 
sufficient to change the slianks of Barred Rock X Now Hamp- 
shire crossbred chicks from cream color to a deep yellow. 

on Yolk Color . The yolks of eggs arc particularly af- 
fected by the coloring matter of the feed.*‘ However, Bohren, 
Thompson, and Garrick” have shown that the yolk might obtain 
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small but persistent amounts of pigment from some other source, 
probably from body tissues. Green feed and yellow corn are rich 
In xanlhophyll and produce highly colored egg yolks; red corn 
and hemp seed produce slightly colored yolks; wheal, wheat bran, 
oats, barley, cottonseed meal, rape seed, meat scrap, and blood 
meal have little effect on the color of the yolk. Large quantities 
of the coloring matter found in egg yolk are found In grass and 
also nearly all kinds of yellow flowers,** 

The feeding of ground, dried, ripe, plmlento peppers*’ pro- 
duced eggs that were orange colored, as compared with light 
lemon-yellow eggs for the control pen. Rations containing plmi- 
entos also imparted a rich yellow color to the shanks, skin, and 
fat, the amount of color depending upon the amount of plmlento 
fed. Experiments carried out in Hungary” proved that the feed- 
ing of paprika caused a much darker color in the yolk, the color 
being four times deeper than at first, within 3 weeks’ time. 

In a study of seasonal \-ariatlons In yolk color, Parker con- 
cludes that the most important factor tn yolk color is the amount 
of greens actually eaten by the birds.* Birds having an unlimited 
supply of green feed produced eggs with dark-colored yolks. Kale 
at the rate of 5 pounds per 100 birds a day or alfalfa leaves to 
the amount of 5 per cent of the mash gave yolks of a desirable 
color. 

Because alfalfa meal is known to be a valuable ingredient m 
poultry rations, levels that are too high have sometimes been 
used. There is a close association between the amount of alfalfa 
fed and the depth ol yolk color. However, no unfavorable reac- 
tions are experienced where approximately 5 per cent of alfalfa 
meal is used In the mash. 

Carver and Heiman* found that Argentine corn (flint) pro- 
duced eggs with deeper-colored yolks than domestic corn (dent) 
The groups fed higher proportions of pigment-bearing foods 
produced eggs with deeper-colored yolks, but the amount of pig- 
mentation deposited in the egg yolks was not proportionate to 
the amount of pigment in the ration. The color changes induced 
fay the rations fed began to take effect after the fourth or fifth 
day of feeding. It took about 13 days to reach maximum pigmen- 
tation. When pigmented foods were withdrawn, it required about 
26 days for the pigmentation to become stabilized. An index of 
12-13 is satisfactory. This index will be produced by 20-30 per 
cenl of Argentine com, 8 per cent of dehydrated alfalfa, or 4 per 
cent of dehydrated alfalfa plus 10 per cent of Argentine corn. 

Frequently discoloration of new-laid eggs is reported, due to 
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the consumption of certain materials. Olive-colored egg yolks^^ 
are reported to be produced by shepherd’s purse and penny 
cress, weeds belonging to the mustard family. Thompson of the 
Oklahoma Station has also reported the development of eggs 
with orange-colored yolks from a ration containing 12 per cent 
of kafir smut. The feeding of cottonseed meal frequently causes 
the appearance of cottonseed spots on the yolks of the eggs or 
olive yolks. “ (See also Chap. 7.) 

Olsen^® reported production of eggs with olive-colored yolks 
from diets containing whole acorns, ground acorns, ground acorn 
meats, or ground acorn hulls. Temperton” reports the produc- 
tion of eggs with greenish-brown yolks only when the acorns 
were germinated. 

Peterson®® and coworkers found that hens fed an all-mash ra- 
tion containing 10 per cent of lobster shell produced highly 
colored orange-red yolks, which they attributed to the effect of 
the tetraoxycarotenold astacin present in lobster shells. 

It is possible to color artificially the yolks of eggs and body 
fat by means of dyes,®‘ Rogers reports that fowls fed Sudan III 
produce eggs with yolks of a bright red color. The forming of 
the coloring matter in the yolk takes place in the shape of con- 
centric rings or layers. Rhodamine Red colors the yolk slightly. 
Auramlne Yellow and Saffranine Red act in much the same way 
as the Rhodamine Red. In testing a large number of dyes, Den- 
ton states that the water-soluble dyes were not deposited in any 
part of the egg, while seven of the alcohol-soluble dyes were de- 
posited in the yolk, producing slight green, green, pink, magenta, 
blue, and red yolks. Hexyl blue dye was withdrawn from the 
body fat depots and deposited in the yolk. The Rhodamine Red 
colors the albumen strongly, giving a pink color. It also colors 
the body muscles, the feathers, which are being grown when the 
dye is in the blood, and the shell and albumen of the egg. 

Effect on Feather Color . The yellow and red lipochrome 
colors originate in the food. If food not containing these colors 
is given, the feathers®® fade completely. Dyes other than carot- 
enoids are not absorbed by the feathers. Carotene causes a yel- 
low color in the feathers, and paprika-containing food causes an 
orange color. 

Effect on E^ Color .” Feed has a significant effect on eye 
color. A ration lacking the yellow pigments prevents the deposi- 
tion of such pigments in the iris of Single Comb White Leghorns. 
Since both the diet and the vascular system of the iris play an 
important role In determining eye color, caution must be exer- 
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clsed in the culling of Single Comb White Leghorns on the basis 
of eye color alone. 

Effect on Taste. In general, feed has little effect on taste. 

The hen pFts the feeds that it consumes through an effective re- 
fining process. However, certain feeds have been reported as 
affecting the flavor of the egg or flesh. Certain feeds, if given 
in large quantities, might affect the flavor to a slight extent. 

For example, rape, turnips, cabbage, and fish have been re- 
ported as affecting flavor. The feeding of fresh onions very 
quickly develops a distinct taste In the eggs. The Oklahoma Sta- 
tlon^' reports that hens fed 5 grams of garlic pod dally pro- 
duced in 5 days egg yolks with a distinct flavor. The flavor was 
not found in the albumen until after 30 days of garlic feeding. 

At no time was an odor found In any part of the egg, either raw 
or cooked. Feeding 5 grams of dried onions produced no changes 
in flavor, odor, or appearance. 

Cod liver oil, as usually fed, has not been reported as affect- 
ing the flavor of the egg. The feeding of two number three cap- 
sules* of cod liver oil dally, however, produced a very distinct 
fishy flavor in the yolk in 30 days, but no flavor in the albumen. 
The flavor was found In eggs after 8 months of storage. 

Off-Ilavor in the meat of chicks and turkeys has been re- 
ported." This has been traced to the feeding of cod liver oil or 
large amounts of fish meal, especially meals with a high fat 
content. Fish oil and fish meal should be discontinued in the ra- 
tion fed market turkeys at least 8 weeks before they are dressed. 
Carrick and Hauge report that feeding 2 per cent of cod liver oil 
imparted a “fishy” taste to the flesh of chickens and that it took 
about 2 weeks for them to lose the “fishy” taste; that the taste 
on this amount was not apparent when the chicken was warm but 
seemed to be intensified when eaten cold; that the degree of 
“fishy” flavor was affected by the method of cooking; and that 
4 per cent of oil gave a decided flavor to the flesh. Apparently, 
the amount of oil is a factor. One per cent or less of oil in the 
ration usually does not impart any flavor; but to eliminate any 
possible effect, the recommendation Is frequently made, espe- 
cially with broilers, to eliminate the oil for a week or 10 days 
before selling. 

Certain feeding practices have been followed to affect the 
flavor of the flesh. For example, the feeding of celery is thought 
to impart a flavor. The characteristic gamey flavor in wild birds 
IS produced to some extent by the food which the birds are eating 

In reporting the effect of feeds upon the quality of meat in tur- 



FACTORS IN MAKING A POULTRY RATION 


279 


keys, North^’ reported a more intense flavor and aroma of oat- 
fed roasted birds, as compared with those fed corn, wheat, bar- 
ley, or rye. Corn-fed birds were more tender after roasting. 

Dry skimmilk produced a less intense aroma in the breast meat 
of the roasted birds. The least desirable flavor was found in 
birds which had been fed cottonseed meal. When a feed, 60 per 
cent of the protein concentrate of which was cottonseed meal, 
was fed, the juice was found to have a poorer quality than when 
the other supplements were fed (soybean oil meal and corn gluten 
meal). Corn gluten meal produced juice of a better quality than 
any of the other concentrates. 

Payne^’ reports that eggs of an olive color, caused by the 
birds feeding on shepherd’s purse, have a strong flavor. The 
Kansas Station^® also reports a trend for dark-colored yolks to 
have a slightly higher flavor score (more objectionable), al- 
though the differences probably would not be readily detected by 
the average consumer. 

Effect on Body Composition . The nature of the carcass fat®° 
has been 'sBown to be affected by the kind of dietary fat. 

Effect on Egg Size . Many factors affect egg weight in the 
domestic fowl, such as age, sexual maturity, body weight, time 
of day the egg is laid, position in the clutch, and breeding, as 
well as deficiencies in the ration.^® Feeding has a very definite 
Influence on the size of eggs, Idaho^^ indicates that the highest 
percentage of small eggs is obtained where no protein feed was 
given. Results in Northern Ireland^® also indicate, for a period 
of 2 years, the production of 44 per cent of second-grade eggs 
on a ration of cereals only, as compared with 23 to 26 per cent 
on rations having protein concentrate additions. The feeding of 
grain only showed lower egg weight in trials at Oklahoma'® and 
12 per cent reduction in egg weight at ^est Virginia." Eggs 
produced on low-protein rations are smaller than those pro- 
duced on rations of higher protein content.'* 

The egg was larger when certain animal protein feeds were 
added to the ration.'^' Idaho reported the following egg size 
when comparing pea meal and sour skimmilk. It has also been 
reported by several stations that milk, especially sour skimmilk, 

Percentage of Eggs 

Egg Size Pea Meal Sour Skimmilk 

Up to 22 oz. per dozen 38 21 

22-24 43 37 

21-28 19 42 
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was superior to other animal protein concentrates in the effect 
it had on the welpht of the egg produced/*' 

The proportion of second-grade eggs, as reported by Robert- 
son and Baskett/* decreased from 44 per cent to 27 per cent by 
the addition of minerals to a basal ration made up of cereals. 
They conclude that the evidence Is strong that the weight of the^ 
egg IS a function of the mineral portion of the ration, Kentucky 
reports that in the absence of a calcium carbonate supplement 
the eggs became smaller. 

With Inadequate amounts of vitamin D, the average egg weight 
was materially reduced.*’’** Graham’* reports that adding cod 
liver oil to the ration of laying pullets brought a slight increase 
in egg weight from February to July. 

Parkhurst*’ also reports that green feed proved of value in 
Increasing egg size. Smith” states that germinated oats caused 
a consistent increase In the average weight of eggs. 

A well-balanced ration has been reported to give larger eggs 
and less variability than a poorly balanced ration.**’ ” Park- 
hurst” and Atwood and Clark** Indicate that rations which tend 
to increase or decrease production tend to have a similar influ- 
ence on egg weight. Atwood and Clark also report that a physio- 
logical disturbance produced by the drug kamala caused a de- 
crease m production, with an attendant decrease in egg weight. 
The altered physiological condition of the birds caused a fluctu- 
ation in the weight of the eggs, owing to materially decreased 
secretion of albumen. U was also observed at Cornell that egg 
weight was lowered during an attack oi infectious laryngotra- 
cheitis. 

Effect on Eggshells . The lack of sufficient amounts of vita- 
min D will decrease the amount of lime in the shell, decrease 
the percentage of eggshell, and produce thin and soft-shelled 
eggs.**' ”■** 

Morgan and coworkers*® report that feeding cod liver oil to 
pullets on range, under climatic conditions of South Carolina, 
tends to increase the breaking strength of shells of eggs, the 
percentage of shell, and the percentage of calcium carbonate in 
the shells, but the increase is slight. 

A lack of an adequate calcium supply, in chemical combination 
available to the hen for the manufacture of eggshell, will tend to 
produce smaller and thin-shelled eggs.”’ 

Experiments reported from Cornell** and Arkansas** shove 
that the breaking strength of eggs is related to the quantity of 
manganese m the diet. The ash content of the eggshells was 
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also found to increase with an increase in the manganese con- 
tent of the diet. 

Effect on Storage Quality of Eggs . The feeding of cottonseed 
meal, even’ when showing no discoloration of yolk or white when 
newly laid, caused eggs in cold storage to show discolored yolks 
and in some cases discolored whites. Eggs from hens fed cot- 
tonseed meal, crude cottonseed oil, partially refined cottonseed 
oil, and ether extract of cottonseed oil deteriorate in storage 
(see also Chap. 7). 

The California Station®’ reports that in every case the fat of 
those plants belonging to the family of which cottonseed is a 
member gave a positive reaction to the Halphen test. Cheese- 
weed and California windbreak seeds were included in the diet 
of laying birds, and the eggs reacted to the test. They developed 
“pink white” on storage as did eggs from birds fed cottonseed. 
However, the deterioration of eggs resulting from cottonseed 
meal is caused by two distinct substances. Gossypol gives the 
yolk an olive-green color and a gelatinous consistency; the Hal- 
phen substance causes an abnormal enlargement of the yolk and 
a reddish color of the yolk and albumen to develop in storage. 

Swensen, Fieger, and Upp®^ report that the olive-colored yolks 
are due to chemical combination of gossypol with ferric iron re- 
leased from the egg protein of the yolk during storage. Addition 
of soluble ferric salts to the ration prevented the formation of 
olive yolks. 

Effect on Interior Egg Quality . As far as the albumen of the 
egg is concerned, in generai7 feeds have not influenced interior 
egg quality®*’ ®® as much as other factors, such as breeding and 
handling. 

Illinois®’' reports that the feeding of high proportions of the 
common grains, corn, wheat, or oats, did not influence the per- 
centage of thick white enough to result in eggs of distinctly in- 
ferior quality, but that there was some Indication that the pro- 
portion of thick white may be influenced by the ration fed. The 
further addition of mineral supplements or a decided increase 
in the potential alkalinity of the ration had no noticeable effect 
on the percentage of thick white. 

A report from Wyoming*" indicates that hens fed rye produced 
oggs with a lower ratio of thick white to thin white and a lower 
yolk index, causing the eggs to appear aged in spite of their be- 
ing strictly fresh. Barley also showed a slight tendency to pro- 
duce a lower ratio of thick while. 

The New Mexico Station** showed that the index of quality of 
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eggs produced by hens receiving green Iced was less than that of 
eggs from hens receiving no green feed, and that the eggs pro- 
duced on green feed depreciated in quality more rapidly with In- 
creased age. The Oklahoma Station’* Indicated that In all In- 
stances eggs from the pens receiving green feed had a thin and 
more liquid albumen than eggs from pens receiving no green 
feed. 

In general, \-arlatlon in the percentage of thick albumen or 
other characteristics of Inferior quality wss not definitely at- 
tributed to the amount or kind of protein fed,**’ However, 
Helman, Carver, and St. John*" found that the level of protein 
apparently affected albumen quality. In that they obtained a sig- 
nificant difference in albumen index between hens fed 12 to 13 
per cent protein from plant sources only and those fed higher 
percentages of protein from both plant and animal sources. 

Experiments at Cornell Indicated that such nutritive factors 
as proteins, carbohydrates, fats, minerals, vitamins, and water 
had little If any effect upon the percentage of thick albumen. The 
Colorado’* Sutlon reported that egg albumen quality does not 
appear to be related to the content of vitamin A. carotene, nico- 
tinic acid, folic acid, and apparent pyridoxme 
EFFECT ON VITAMIN CONTENT OF EGGS. The vitamin 
content of the feed has an effect upon the vitamin content of the 
egg. Experiments at the Ohio Station” indicate that access to 
bluegrass or feeding 2 per cent of cod liver oil Increased the 
vitamin A potency of the egg yolk five times. Alfalfa hay also 
tended to Increase the vitamin A content 

The vitamin d*’’”'” content of the eggs is also influenced by 
feeding or exposure to ultraviolet rays Hart and associates re- 
port the antirachitic potency of egg yolks from irradiated hens 
as being about ten times that of yolks from nonirradiated hens. 
The Ohio Station indicates that egg yolks from birds fed cod 
liver oU or irradiated ergoslerol, or exposed to sunlight, had 
five to ten times as much v^lamm D as egg yolks from birds 
confined behind window glass Branion, Drake, and Tisdall in- 
creased the number of Steenbock units of vitamin D from 4 to 
30 by adding 2 per cent of cod liver oil and as high as 18,000 
units by the addition of highly potent viosterol. Kentucky reports 
that the yolks of eggs produced in the spring and stored until fall 
and winter were found to have a higher content of \ltamin D than 
the yolks of eggs produced in the fall and winter under like con- 
ditions. Work done at Cornell would indicate that egg yolks pro- 
duced by hens receiving direct sunlight were more potent in vi- 



FACTORS IN MAKING A POULTRY RATION 


283 


tamln D than egg yolks Irom hens receiving cod liver oil or ul- 
traviolet light. 

The content of the water soluble vitamins of eggs has been 
Influenced by the ration.’* The Ohio Station reported that at- 
tempts to Increase the pantothenic acid content of eggs by feed- 
ing hens feeds high in this factor have given negative results. 

On the other hand, Bauernfelnd and Norris showed that hens 
receiving a heated experimental diet deposited less pantothenic 
acid in their eggs than hens fed a normal diet. Snell and co- 
workers also reported that eggs from hens maintained on a diet 
low in pantothenic acid showed markedly lowered pantothenic 
acid content, and that within the limits of the experiment the 
pantothenic acid content of the egg is directly proportional to 
that of the diet. Glllls, Norris, and Heuser showed that the pan- 
tothenic acid content of the egg varied directly with the content 
of the diet and reached levels much higher than present in the 
blood, 

Norris and Bauernfelnd report the average riboflavin content 
of fresh eggs produced by hens fed egg mashes to be approxi- 
mately 2.07 micrograms per gram of edible substances (105 
micrograms per egg) and that of the eggs produced by hens fed 
breeder mashes to be 2.48 micrograms per gram (125 micro- 
grams per egg). The lowest riboflavin value obtained experi- 
mentally was approximately 0.82 microgram per gram of edible 
sub.stancc (40 micrograms per egg), and the highest value U’as 
3.2G mlcrograms per gram (165 micrograms per egg). In these 
studies It u’as found that the riboflavin content of fresh eggs 
could be increased approximately 1.9 mlcrograms per gram 
above tlut of the eggs laid by hens fed the basal diet (the ribo- 
flavin content of the eggs produced on the basal diet was 0.82 
microgram per gram In one experiment and 1.40 mlcrograms 
per gram In two other experiments). Tlic time required to at- 
tain maximum riboflavin storage in eggs and that required to 
deplete to the basal levels varied from about 2 to 4 weeks. In 
general, the riboflavin content of egg while changed more rapidly 
than lliat of egg yolk. 

Experlmenl.s at Cornell showed that the vitamin Bis content 
of Die egg Is influenced by the amount of this vitamin in ihe diet 
and tiat the vitamin Bj; in the diet is related to hatchablllty 

EFFECT OS MINERAL CONTENT OF THE EGG. Experi- 
ments’* show that Iwth the Iron and copper content of eggs can 
bp affected by feeding. 

ll has also been shown that the Iodine content of eggs Is af- 
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fected by the Iodine content of the ration,” An Increase as great 
as 450 times the original content has been reported by the feed- 
ing of Iodine preparations. 

Experiments conducted at Cornell'^ and Kentucky Indicate 
that the manganese content of eggs from a lou’-manganese group 
was smaller than from hlgh-manganesc groups and that the 
breaking strength of eggs Increases as the quantity of manga- 
nese in the diet increases. 

EFFECT ON COMPOSITION OF THE EGG, As far as total 
composition is concerned, there Is very little effect of the feeds 
on the chemical composition of (he egg. The composition of the 
various parts of the egg (white, yolk, shell) varies greatly, but 
these variations are Independent of the system of feeding. In 
comparing the composition of eggs produced on a nitrogenous 
as compared with a carbonaceous ration, one finds very little 
difference in the protein, fat, and water content of the yolk. The 
white of the egg might show slightly more protein on the nitrog- 
enous diet. This might be true because the while of the egg is a 
secretion. The Wisconsin Station’^ reported that irradiation 
with ultraviolet light did not affect the calcium and phosphorus 
content of the whites and yolks. Kentucky workers” reported 
that, as long as the economy of the hens permitted the formation 
of an eggshell, the contents of the egg remained reasonably con- 
stant, thereby permitting an average supply of calcium, magne- 
sium, and phosphorus for the proper development of the embryo 
of the chick, and that the presence or absence of oystershelJ in 
the diet had no appreciable effect upon Ihe percentages of pro- 
tein and of calcium in the while and yolk. The hen endeavors to 
keep a steady chemical condition of her egg and will do so even 
at the expense of her body 

U.S.D.A. workers*® indicated some effects of diet upon com- 
position, although the effects were usually small. The yolks ap- 
peared to be more readily affected than the whites The most 
consistent differences were observed in the percentage of pro- 
tein in the dry matter of the yolk of eggs The %-arious N or 
protem determinations showed little or no difference McFar- 
lane, Fulmer, and Jukes** found no significant difference in the 
c.o’mpasvUoTi ol the pToVems ol eggs ol poor halchabilily, so iar 
as the total nitrogen, total amuio-mtrogen. tyrosine, tryptophan, 
and cystine content were concerned, as compared to the compo- 
sition of the proteins of eggs of high hatchability. There was no 
clear evidence that the diet of the hen had any influence on these 
values. 
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Pollard and Carr®' report great differences in the proteins of 
eggs from pigeons fed different cereals, especially wheat, rye, 
oats, and corn, which contained high tryptophan. 

Dietary fat has been reported as having some effect upon type 
of egg fat®^ of the hen. 

EFFECT ON OTHER EGG CHARACTERISTICS. Atwood and 
Weakley” report that their results would indicate that the pres- 
ence of a considerable amount of animal protein in the ration 
for laying hens tends to weaken the vitelline membrane. Ovarian 
hemorrhages, resulting in blood and meat spots®* in eggs, have 
been reported as being reduced substantially by allowing the 
hens thus affected access to range or by feeding them Cerogras. 
Anderson®® Indicates that evidence available strongly suggests 
that diet may Influence to a very considerable degree the bac- 
terial flora and the normal bacteriostatic properties of the eggs 
produced. 
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CHAPTER 10 


FEEDING SYSTEMS 
AND PRACTICES 


Considerable variation in feeding systems and practices is 
met with in recommendations for and actual feeding of poultry. 
Methods of feeding have long been given serious attention by 
poultrymen. Still there is no standard uniform method of feed- 
ing universally practiced by poultrymen. This lack of uniformity, 
no doubt, is an indication that the make-up of the ration and food 
Intake are more Important than the method of feeding. It has 
been pointed out repeatedly that food consumption and egg pro- 
duction follow each other closely. Hewitt* reports a very close 
relationship between egg yields and food consumption in 20 
years of poultry feeding experiments. 

Several types of rations or systems of feeding have been 
evolved and used. They range from the mashless, or all-grain, 
rations to the grainless, or all-mash, rations, with the combina- 
tion or grain-mash rations ranging between the two extremes. 
Also various modifications or combinations of these systems 
arc used. Each system has its advantages and disadvantages. 

WHOLE-GRAIN METHOD 

This was the original method of feeding poultry. When the 
flocks were small and the hens ranged over the farm, they picked 
up seeds and grains. When necessary to supplement this feeding, 
extra grain was fed in the barnyard. Later, when large numbers 
oI birds were kept and were more closely confined, the grain 
was supplemented with some animal protein feed to take the 
place of bugs and worms. The first practice was to food beef 
scrap dry in hoppers. The results’'^ of early experiments were 
not entirely satisfactory in all cases, and this practice v.'as su- 
perseded by combination rations. 

Later cxpcrlment.s* have reported as good production and in 
some cases better production from feeding grain plus an abun- 
dant supply of liquid sktmmllk or condensed buttermilk. It Is 
possible to feed grains in various combinations, in the main, it 


29? 
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is better not to limit the grain to one cereal. Average grain con- 
sumption u-as 73 pounds a year per hen and average milk con- 
sumption 13 gallons In the Kentucky trials. Excellent and eco- 
nomical egg production was obtained at the Washington Station 
by feeding unground grain mixtures (wheat and oats; wheat, 
barley, and oats; wheat, corn, and oats), supplemented with sour 
skimmilk. An average yearly production of approximately 250 
eggs per pullet was obtained from all the pens In one series. 
About 55 pounds of dry feed and 185 pounds of milk per year 
were consumed by each Leghorn pullet. 

Because of restricted milling, making wheat by-products un- 
a\'ailable, and because of transport difficulties, many Australian 
poultry farmers during World War fl resorted to the feeding of 
soaked grain/ Wheal, being most plentiful, was the common 
choice of grain. Highly satisfactory results were obtained by 
feeding whole grain supplemented by meal meal. 

ALL GRAIN FOR CHICKS. The feeding of all grain and beef 
scrap to chicks at Cornell* showed variable results, depending 
upon meat Intake and food consumption. 

In recent years the feeding of grain to chicks for the first 2 or 
3 days has been recommended in order to prevent “pasting up.^' 
Peterson^ reported that feeding chicks cracked grains as the 
only feed for the first 2 days had a protective value against 
“pasting up,” where the first week brooder temperature was 
above or below 98* F. However, at the end of 3 weeks there was 
no significant difference in the average net gain, number of 
chicks “pasted up,” or average feed consumption for either 
system of feeding In groups brooded at low temperatures, the 
mortality was somewhat less where grain was given as the only 
feed for the first 2 days, as compared with those fed the all- 
mash ration. 

POINTERS ON FEEDD^G ALL GRAIN. In connection with 
using home-grown laymg rations. Carver* suggested that no one 
should feed a whole-grain plus milk ration without a regular 
daily supply of skimmilk or buttermilk. The whole gram should 
be limited to 16 pounds, and the milk supply should be at least 
40 pounds per day per 100 birds. 

MERITS OF THE ALL-GRAIN METHOD. Some of the advan- 
Uges of the whole-grain system of feeding are: 

1. Making possible easy use of large amounts of home-grown 
grains. 

2. Saving expense and trouble of grinding. 

3. Easy determination of quality of ingredients. 
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grain and containing no ground grain. More food was eaten when 
the ground grain was fed than when the whole grain was fed, and 
the chicks made more rapid ^ins. 

In 1903 Stewart and Atwood® concluded that “with young White 
Leghorn fowls a large proportion, if not all. Of the ration can be 
composed of ground food without diminishing either the egg pro- 
duction, decreasing the hatchability of the eggs, or injuring the 
health of the fowls.*' 

Satisfactory gams were secured at Cornell® with chicks up to 
6 and 8 weeks on rations that were led in the ground form. 

Wisconsin," in 1924, reported the successful rearing of 6,000 
birds on an all-mash ration. This ration consisted of 80 parts 
of ground yellow corn, 20 parts of wheat middlings, 5 parts of 
raw bone, 5 parts of pearl grits, and 1 part of salt. Skimmed 
milk was giien ad iibuum as a drink and no water. Since then 
there has been a renewed interest m all-mash feeding. 

The all-mash system of feeding ignores the exercise theory 
of feeding scratch gram. It is believed, by its advocates, that 
the birds secure enough exercise in the ordinary activity of 
feeding and walking about the pen. 

ALL MASH FOR HENS. Buss of the Ohio E;q>eriment SU- 
tlon® reported no difference in the number of eggs produced per 
hen in 2 years from hens receiving all-mash and hens receiving 
gram-mash rations. Smce that time many experiments have re- 
ported practically no difference between the two methods** from 
the standpoint of amount of feed, number of eggs, size of eggs, 
weight ol hens, mortality, health, fertility, and hatchability. A 
few trials indicated more uniform results with the all-mash ra- 
tion. In some instances the grinding of feeds for the all-mash 
ration made it uneconomical. 

Many experiments" report better results with rations con- 
taining both mash and scratch grain as compared with ail-mash 
rations. Some trials report a tendency for birds to gam more 
weight on grain-mash rations. Also yolks were more variable 
in color in the gram-mash lots than in the all-mash lots. 

In experiments conducted at Cornell, the difference m egg 
production, especially for pullets, has usually been in favor of 
the gram-mash rations, as shown m Table 16, 

The Western Washington Station*' concluded that the all-mash 
ration proved satisfactory where skimmilk was available as a 
drink. 

Durmg World W’ar II, because of the scarcity of gram, British 
poultry producers were forced to feed an aU-roash diet. The 
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TABLE 16. EGG PRODUCTION ON ALL-MASH AND GRAIN-MASH 
RATIONS AT CORNELL 


Year 

All Mash 

Grain 

and Mash 


Pullets 



1927 

173 ± 5.4 

188 

± 3.7 

1928 

195 ± 4.3 

205 

± 4.7 


179 ± 5.3 

194 

i 4.5 


189 ± 4.7 

200 

± 6.2 

1929 

203 ± 6.2 

218 

i 5.5 

1930 

194 1 5.6 

226 

± 4.6 

1931 

210 i; 3.8 

220 

± 5.7 

Av. 

191.6 * 1.99 

207.4 

± 1.84 


Hens 



1930 

170 * 3.9 

184 

i 3.4 

1931 

176 * 3.5 

175 

t 4.5 


results were sufficiently favorable to raise the question as to 
whether they would return to grain feeding when the war was 
over. Some authorities think not because they believe that feed- 
ing mash is cheaper. 

High energy all-mash rations have proven very satisfactory. 
The development of mechanical feeders** has also favored the 
all- mash ration by raising total feed consumption. 

ALL MASH FOR CHICKS. This method of feeding has proved 
very popular for chick feeding. The Ohio Experiment Station**' ** 
has used It successfully for many years. A Colorado report 
showed that the all-mash ration gave greater uniformity of 
growth, less death loss, and was more economical. The South 
Dakota Station** indicated all mash was satisfactory for chicks 
and simplified feeding. Feed consumption was reported less in 
the all-tuash lot. Uowevee, alter 0 to 8 weeks the scratch and 
mash ration was considered more successful. Reports from 
England “ indicate no difference in weight at 20 weeks, cost of 
feeding, and quality of pullets produced on the all-mash as com- 
pared with the graln-mash system. Experience at Cornell also 
shows this condition. Other experiment stations indicate the all- 
mash method to be preferable for chicks. 

ALL MASH FOR FATTENING. A review of faltcning prac- 
tices Indicates almost universal agreement in using ground feeds 
almost exclusively for Ihls purpose. 

ADV/VNTAGES OF THE ALL-MASH SYSTE.M. Some of the 
favorable iwlnls of this system might bo listed as follows: 

1. More sanitary. The feed does not have a dunce to become 
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contaminated by damp and ftUhy litter. (This would also apply 
where grain is hopper-fed.) 

2. Simplicity. Fewer mixtures need be considered, and 
routine is simplified. 

3. Less skill required in feeding. Superior results will 
probably be secured in the hands of the unskilled feeder. 

4. Less labor required. 

5. No change of feed. A mash mixture is fed throughout the 
period. 

6. A definite ration. There is no guesswork or confusion 
about what proportion of scratch grain to feed. 

7. More uniform food intake. Each individual gets all the 
ingredients of the ration in the same proportion. This advan- 
tage makes the system particularly adaptable to experimental 
work. 

8. Uniformity of growth. 

9. Uniformity of yolk color. 

10. Adaptable to mechanical feeders. 

DISADVANTAGES OF THE ALL-MASH SYSTEM. 

1. Less flexible. Proportions of gram to mash cannot be 
varied to meet changing needs of the birds. This might neces- 
sitate frequent changing of the all-mash mixture or supplemen- 
tation. 

2. More and better feeding appliances needed. 

3. Ground grains are slightly more expensive. 

4. It IS more difficult to teach chicks to eat mash. 
ALL-MASH FEEDING PRACTICE. The all-mash rations 

usually contain a larger amount of cereals and one-half the 
amount of protein concentrates that are used in mashes to be 
fed with grain. The mixture should not be too fine; otherwise 
food consumption will be discouraged. Feeding fresh mash at 
least once a day (prefereably in the afternoon) will also encour- 
age consumption. Sufficient hopper space must be furnished, 
and the hopper must be of the type that wHl not clog. The Na- 
tioiul Institute of Poultry Husbandry in England gives the fol- 
lowing specifications for feeding space when all-mash rations 
are used: 

1-4 «eeks 6 feet per 100 

4-10 weeks 12-14 feci per 100 

10-20 V eeks 16-20 feet per 100 

Mature 24 feet per 100 

With all-mash mixtures there is less stirring over of the lit- 
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ter. The litter is likely to become matted and wet. In this re- 
spect> proper sanitation is more difficult in the all-mash pens 
and necessitates more frequent cleaning. 

If the mature birds are to be fed an all-mash ration, it is best 
to feed an all-mash ration to the chicks. 

In making up all-mash rations, one must be sure that they are 
complete and that the mixture is one that can be eaten in suffi- 
cient quantity. In some instances, difficulty was encountered in 
developing all-mash rations. These rations were adapted from 
combination laying mashes in common use, with the result that 
they were too bulky because of a high content of fiber-rich feeds. 
It is not possible for a hen to eat as much of such a mash during 
a day as of a heavier, more concentrated mash. Bulkiness in a 
mash is not a serious fault, however, when a mash possessing 
this characteristic is fed along with a scratch mixture consist- 
ing mainly of cracked corn and wheat. But when a bulky mash 
is fed as an all-mash ration and it is not possible to get satis- 
factory results, the tendency is to blame the all-mash system of 
feeding. This blame, however, is imwarranted. The blame must 
be laid to the bulky nature of the mash, which makes it impos- 
sible for the birds to eat as much feed as those fed a ration con- 
sisting of both scratch and mash mixtures. In other words, the 
all-mash ration was Incomplete. Its nutritive value was low be- 
cause of too high a content of fiber-rich feeds. High energy 
mashes have overcome this difficulty. 


PELLETS OR CUBED FEEDS 

This system of feeding is really a modification or adaptation 
of the all-mash system. It consists of mechanically pressing 
the mash into hard dry pellets or “artificial grains." 

Dairy farmers and feeders of other forms of livestock in 
Europe have long been accustomed to feed balanced rations in 
the form of nuts or cubes. The idea has also been applied to a 
considerable extent to poultry feeding. 

PELLETS FOR HENS. The National Institute of Poultry Hus- 
bandry'® in England, in one report. Indicates ihal pellets have 
given satisfactory results and compare favorably with all-mash 
feeding, in another trial, one of the B vitamins was destroyed 
in the peUcllng process, which adversely affected hatchablllty 
of the eggs and growth of the chicks, with loss of chicks showing 
symptoms of vitamin B deficiency. 

At Cornell a pen of pullets fed pcUcts laid 175 eggs, whereas 
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the all-mash pen laid 189 eggs per bird. Other "PO^ts” show 
lavorable results lor pellets when fed to 

tions on pellet teed were better maintenance “"t. 

greater tendency toward cannibalism. A report from ^erma y 
indicates that hens prefer grain to pellets, that better p 
tion was secured by feeding the birds mash and gram, and mat 
the feeding of pellets was not economical. In these experlm 
It was clearly shown that the birds distinguished between differ 

ently shaped pellets and nuts. 

Pelleting high liber feeds** such as oat hulls, alfalfa > 
and feed screenings increased the effectiveness of these fee 
as compared with them in non-pelleted form. 

PELLETS FOR YOUNG STOCK.** From the point of view oi 
growth and food consumption per unit of gain, a ration in pe e 
form has been reported as good or superior to one supplied as 
dry mash. The mash-fed chicks usually consume more feed as 
well as feed per unit of gain than the pellet-fed chicks. The 
pellet-fed chicks usually gain more and consume more water. 

A greater incidence and seventy of feather picking is likely to 
occur with pellet-fed birds, especially when the chicks are con- 
fined. At Cornell pelleting a medium-energy chick ration im- 
proved the same so as to make it comparable to a high-energy 
ration. The increase in growth, due to pelleting. Is more marke 
as the fiber in the ration is increased. 

In comparing pellets versus mash for table duck production, 
Tallent** secured slightly greater weights for the ducklings fed 
the mash. The ducklings did not eat the dry pellets readily till 
they were 5 weeks old. On the other hand, McMurray ob- 
served no difficulty in this respect and obtained better growth 
with pellets. At Cornell* feeding pellets to ducklings resulted 
in best growth when compared with other methods of feeding 
Serfontein” found no difference in weight between lots receiv- 
ing whole dry pellets and those being fed ground pellets in a wet 
form. Feeding the dry whole pellets resulted in less feed wast- 
age, saved labor and hopper space, and was more hygienic 

Pellets have also been fed satisfactorily to turkeys ** There 
seems to be some advantage in offering a choice of coarse and 
fine particles at the start. Pelleting enables a satisfactory use 
of higher levels of dehydrated green feeds. 

ADVANTAGES OF PELLET FEEDING The advocates of 
this system of feeding advance the following points in its favor: 

1. No waste. There is little billing of feed out of the hoppers, 
and when knocked out of the feed hopper the pellets are often 
picked up again. 
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2. No clogging of hoppers. 

3. No selection of Ingredients. 

4. Every kernel Is balanced. 

5. Less storage space required, as the bulk of the feed is 
reduced by compression. 

6. Greater convenience in feeding, 

I . More sanitary, especially when fed in hoppers. 

8. More palatable. Hens naturally prefer a granular feed. 

This may mean increased consumption. 

9. Time and labor saved in feeding. 

10. Feeding simplified. (Can be fed like grain or mash or 
both.) 

II. Less feed required. 

12. Less feeding space required. 

DISADVANTAGES OF PELLET FEEDING. 

1. Cost of manufacture. 

2. Less flexibility. 

3. Camouflaging of the ingredients. 

4. More vices. Owing to less exercise and the fact that a 
bird can fill up quickly on pellets, there may be more toe pick- 
ing, cannibalism, and feather pulling. 

5 . Crumbling of pellets. 

6. Vitamin content of ration may be affected. This Is true if 
tlic feeds arc subjected to high temperatures. 

Pellets are produced In varying sizes to meet the needs of the 
size of the birds. To adults usually the pellets Vs to Vic inch in 
diameter arc fed. They may be fed as an all-in-one ration, may 
be used in connection with scratch feed, or may be used as a 
supplement to cither. They can be fed in combination with an 
all-mabh ration without upselling the balance. They may be fed 
either in hoppers or in the UUer lor extra exercise. They can 
be used as a supplement in place of wci-mash feeding. Some- 
limes dllficully is experienced in getting sufficient pcUct con- 
sumption during the short days of wlnlor. In that case It may be 
necessary to lltter-fced some pellets and even moisten and feed 
them. 

The feeding of j>cllet,s, either alone or In connection with mash, 
lus proved .saitafactory for birds kept in batteries or cages. 
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granular form by means of tremendous pressure. Except for 
form, they are similar in many respects to pellets. The advan- 
tages indicated for pellets also, in the main, hold for kernels. 
Some Improvement in grovrth rate has been reported from the 
feeding of granules to chicks.** 

FREE-CHOICE OR CAFETERIA SYSTEM 
In this method of feeding the bird is given a chance to select 
its own feeds since the individual feeds are made available 
separately. This system is advocated by some on the grounds 
that individuality is the basic biological factor. The individual 
needs of the hen vary, depending upon its weight, production, 
and condition. It is believed by some feeders that the hen will 
balance her own ration if given an opportunity, owing to an m- 
stvnctlve ability of animals to choose the proper food constitu- 
ents when given free choice of diet. This ability to balance their 
ration has been shown to a surprising extent by some farm ani- 
mals. Of man it has been stated that, in ordinary life, appetite 
is a fairly reliable guide to the quantity of fuel food required 
(the more work the larger the appetite), but it is no guide to the 
right kind of food. Likes and dislikes are not a reliable guide, 
especially among an abundance of artificial foods. As a result 
of a study of Individuality m the nutritive instincts and of the ^ 
causes and effects of variations m the selection of food, Dove” 
states that the expressions of the nutritive instincts vary from 
individual to individual. Some individuals appear wise and 
others unwise (less wise) m their choice of food. This fact con- 
traindicates the group technique of free-choice feeding. 

In discussing how animals choose their food, Hams** states 
that the power of picking out the particular food is possible only 
under certain quite special circumstances and by no means al- 
ways. Animals chose the right food if it “made them feel better’ 
almost immediately after they had eaten it, and they could then 
associate their rapid recovery with the particular food that they 
had just eaten. If a “reward” follows the eating of a particular 
food and if there is something ^x>ut the smell or taste or looks 
of the food by which the animal is able to recognize the food 
again and distinguish it from other foods, he will learn to take 
it quite easily. (This is a matter of experience and not instinct ) 
Rats may actually die from protein starvation when offered pure 
protein, fats, etc., because of delayed effect. Reactions to vita- 
min B and salt are immediate. The effect of cod liver oil is not 
immediate. 
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Jukes’^ showed that the choice of food by chicks was the same 
when the sugar content was varied, even when the amount of 
sugar was as high as 20 per cent. Marked preference was shown 
when the salt content was above 2 per cent, the quinine content 
above 0.03 per cent, or the citric acid above 2 per cent. Tests 
to determine whether the taste factor (sugar content) was im- 
portant in the chicks’ choice of food in vitamin G and A deficient 
diets were negative. 

Price^^ concluded that chicks have the ability to select the 
proper feeds. This ability was shown in their selection of but- 
ters high in a factor that Increased the blood calcium and phos- 
phorus and prolonged life. When given free choice of samples 
of butter that could not be distinguished by man, the chicks se- 
lected and ate two and one-half times as much of the butter con- 
taining a large amount of the active factor as they did of the 
butter containing a small amount of it. 

It has been reported by workers in Germany^ tliat the appe- 
tite of poultry is not only dependent on physiologic conditions 
but that it is also strongly Influenced psychologically by various 
outside influences. The manner in which food is given influences 
consumption. More is eaten from large than from small piles. 
The approach of one or more hungry hens is of Influence. More 
is eaten when the birds arc fed together than when they are fed 
separately. A hen that had to watch two otiier birds eat first 
took 42 per cent more food than normally. More food is eaten 
from a soft surface than from a hard surface. Large grains are 
preferred to small. Less is eaten in semi-darkness, in green 
light, and in blue light than In red or yellow light. Chicks picked 
at all kinds of objects which were clearly distinguishable from 
the subsoil or background if the objects could be taken in the 
beak. However, they swallowed only that which was really nu- 
tritive. 

The hen can distinguish three tastes — salt, sour, and bitter. 
However, the taste sense is not Important since chickens select 
feed more by shape, slac, color, and surface condition.** 

De Docarmd* observed that poultry eat a certain amount of 
such substances as dry leaves, beech twigs, pebbles, glass, 
splinters, but that these arc consumed in an attempt to furnish 
the necessary mineral sails. Therefore, if the feed is complete- 
ly adequate, the animals will aulomallcally cease to devour sub- 
stances other than feed. 

Food consumption is also Influenced by the condition of the 
feed. Alder” rcjwrtcd that coarse nushes are more desirable 
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for laying hens than finely ground mashes and resulted in higher 
egg production and lower mortality. 

It has been shown^® that there is variation in the kinds and 
proportions of the ingredients that individuals will select. They 
also vary as regards the efficiency with which they utilize food. 
The amounts of the different foods varied with the condition of 
the birds; that is, whether they were laying or not. The greatest 
changes, while laying, were in beef scrap and shell consumption. 
The laying ration was narrower. 

Graham” states that chicks do not grow faster or have less 
mortality on a free-choice diet, but the free-choice chickens, on 
the whole, were much more contented than the check lots and 
were much less inclmed to feather pulling. 

Funk*® states that chicks were able to select a balanced ration 
and grow normally to 8 weeks if the necessary ingredients were 
accessible. Results from the Minnesota** Station indicate that 
chicks are able to select their correct protein level only when a 
high-protein mash is fed with the gram. 

In a comparison of free choice of gram and mash mixtures, 
Amon** reported no appreciable difference m weight at 24 weeks, 
in mortality, or m rate of maturity. 

The results wUh hens have been variable. Some reports*® *® 
Indicate satisfactory production with free-choice feeding as com- 
pared with controlled feeding. Other experiments**'** favor the 
controlled feeding. 

Graham** reports considerable variation m the intake of whole 
corn, whole oats, and mash when hens are allowed free choice. 
The Intake by an individual also varies from day to day and week 
to week. 

A report from South Africa** shows that, with three groups of 
laying pullets fed mashes low, medium, and high in protein, 
there was a tendency for the three groups to adjust the protein 
to a common level by varying the relative amounts of mash and 
grain consumed. 

Since birds fed free-choice usually consume a larger propor- 
tion of grain, mash concentrates, or mixtures containing higher 
amounts of protem, have been suggested for use with hopper 
feeding of grain. However. Kennard and Chamberlin** show that, 
whereas flocks varied greatly in the proportion of whole corn, 
wheat, or oats they consumed, the proportion of total grain to 
mash was comparatively constant and in proportion to the pro- 
tein content of the mash. With free choice of grain, many feeders 
prefer the higher protein mash because of ihe natural tendency 
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lor the birds to consume grain and hence less risk of a protein 
deficiency. Tomhave and Skoglund” report excellent production 
with New Hampshire pullets when given free choice of a 32 per 
cent protein concentrate and a mixture of corn, wheat, and oats. 
With Barred Rock pullets fed free-choice grain and 21 per cent 
protein mash, egg production was low and mortality high. In 
this case, the birds consumed too much grain. 

Davidson and associates®* report approximately 6 per cent of 
the deaths in White Leghorn pullets due to cannibalism under 
the all-mash system and approximately 36 per cent where mash 
and grain were fed by the “cafeteria” system. Von Ebbell,®* 
reporting on cannibalism in laying hens, states that all remedies 
recommended failed to subdue the vice once started, with the 
exception of a cnange In feeding practice from free-choice feed- 
ing of grain and mash (which results in higher grain consump- 
tion) to rationed grain feeding. Kennard and Chamberlin®* re- 
ported that feather picking and cannibalism became so firmly 
established in 6 groups of 70 Rhode Island Red pullets each, fed 
on low-protein (IS to 17 per cent) rations and whole grains, that 
it was necessary in controlling them to remove the upper beak 
by a special tearing process. 

In all trials, it Is noted that certain feeds are not consumed in 
quantities. Palatabllity is an important factor in the free-choice 
system. The feeds must be readily eaten by the birds. Probably, 
too, as in the case of continuous hopper feeding, regulation of 
some feeds at certain times may be necessary. 


HOPPER FEEDING 

Mash, grit, shell, and charcoal arc usually hopper fed. Grain 
may be hand fed In the litter or hopper fed. The chief reason 
advanced for feeding grain in litter has been to induce the birds 
to exercise. The hopper feeding of grain Is based on the as- 
sumption that laying hens do not need to scratch in litter, but 
get enough exercise in Uiclr regular activities. However, the 
feeding of at le.ist part of the grain in litter helps to keep Ujc 
I tUcr in belter condition than feeding all the grain in hoppers or 
troughs. With hopper feeding of grain, the hens can cal the feed 
quickly. This may be an advanUgc In winter. It might also as- 
sure hens going to roost with full crops. The free choice of 
grain usually results in a greater consumption of grain Hopper 
feeding favors the saving of labor and ensures more correct 
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feeding where the poultryman is either inexperienced or cannot 
afford the time for regular hand feeding. 

HOPPER FEEDING OF GRAIN TO HENS. Rice* reported no 
difference in egg production between two pens receiving grain 
plus beef scrap, one of which was hand fed the grain and tb^ 
other hopper fed. SiEnilarly. reports from other stations ' ’ 
show no difference In egg production where the grain is fed in 
litter or where it is hopper fed. 

In Australia** an average production of 179 eggs, where grain 
was always before the birds, was obtained as compared with 164 
eggs, where it was fed in the htter. 

Other experiments^*' *'» ” show better results where the gram 
is limited as in Utter feeding. Free-choice feeding of grain and 
mash in these instances resulted in lower egg production, higher 
cannibalism mortality, and greater feed cost per dozen eggs. 
Greater \-ariablUty in yolk color was produced by the free- 
choice feeding of gram. The difference was greater for Leghorns 
than for the heavier breeds. 

In experiments conducted at Cornell there was no difference 
between feeding the grain in the Utter or m hoppers in the case 
of hens. With pullets there was no difference in some trials, 
with a slight favor for the litter feeding m others {Table 17). 

Table i7. egg production or hens with hopper feeding 

GRAIN AT CORNELL 


Year 


1928 

1929 

1930 

1931 


Cram id Liiler 
Pullets 
194 * 4 5 
ZOO * 6 2 
218 1 5 S 
22S ± 4.6 
220 ± 5.7 
211.3 * 2 3 


Grain in Hopper 


193 1 4 4 
189 *44 
217 ±49 
207 ±55 
214 ±43 
203 5 ±22 


1930 

1931 


Hens 

184 ± 34 184 ± 3 7 

159 ± 4.6 1S9 ±39 


In comparing hopper feedmg of grain, with the hoppers open 
aU the time, as contrasted to that with the hoppers open only at 
ni^t, the New Hampshire Station** concludes that either system 
is satisfactory and that the birds adjust their feed intake to their 
^ almost as much mash 
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In experiments conducted at Cornell comparing hopper feed- 
ing of grain at night only with grain available in hoppers all the 
time, the egg production was: 



Night Grain 

Grain 

Available 

Regulated 

Grain 

Year 

Only 

All the Time 

Available 

1929 

217 ± 4.9 

215 i 5.0 


1930 

210 ± 3.5 \ 

216 i 4.8 J 

207 ± 5.5 

213 ± 4.8 

190 ± 6.5 


1931 

214 ± 4.3 


209 ± 4.7 


The first year there was no difference in results. The next 
year the production was lower for those birds that had the grain 
available all the time. A study of the records, however, indi- 
cated that there were only a few times during the year when the 
production was not equal to that of the other pen and during those 
periods the birds consumed much more grain than mash. Con- 
sequently, the next year the birds were allowed constant access 
to grain, except when they ate loo large a proportion of grain 
(more than 2 parts of grain to 1 of mash), in which case the hop- 
pers were closed during the forenoon. This practice avoided the 
slumps with the result that there was little difference in the av- 
erage yearly production. 

Higher grain and iower mash consumption by the birds on 
tree-choice grain emphasized the need ol a mash with a higher 
content of vitamins and protein than Is necessary lor best re- 
sults with the standard program.” Continuous hopper feeding 
of grain has been reported more successlul when fed with a hlgh- 
protein concentrate mash.” The Ohio Station" suggests the free 
choice of whole-grain and mash concentrate for layers primarily 
tor farm poultry keepers, who produce their grains and who de- 
sire a minimum additional expense in balancing their poultry 
rations. Skoglund" suggests that the concentrate system ts not 
as well suited to Leghorns as to the heavier breeds Hays'' 
concluded that with free-choice feeding of grain a high-proleln 
mash was desirable for high-producing layers. 


AUTOMATIC GRAIN FEEDERS 

The feeding of grain by means of aulomalic feeders is similar 
in clteci to the hopper [ceding of grain consUntly The earlv 
automatic grain feeders were planned lo give the birds more ex- 
orcise by dropping grain in smalt amounts into the litter Aulo 
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matic feeders were serviceable for people with irregular hours, 
since most people appreciated the advisability of regular routine 
in caring for flocks. The limitations of the automatic feeders 
are that they cannot exercise judgment in the balance of grain 
and mash, and do not enable or encourage close observation of 
the condition of the flock. 

MECHANICAL FEEDERS. Mechanical feeders have been de- 
veloped recently to automatically feed mash and pellets or grain 
to large flocks. These consist of a central hopper or feed sup- 
ply from which run troughs to carry the feed through the house. 
The feed is moved through the trouts by means of a chain or 
similar contrivance. The movement of feed can be controlled 
so as to be continuous or Intermittent. These automatic feeders 
are adapted to large flock operations of young or mature birds. 
They save time and labor In feeding and in many instances feed 
wastage. The mechanically fed groups eat more than corre- 
sponding hand-fed groups. 

Reported trials^* have shown no significant difference in egg 
production, body weight, or mortality for the mechanically fed 
lots as compared with hand-fed groups. 

Both all-mash and graln-mash rations have been used with 
automatic feeders. AU-mash high-energy rations have been 
preferred. It has been suggested that for maximum production 
it is necessary to supplement the all-mash mixture with pellets. 

WET VS. DRY MASH 

The feeduig of wet mash was one of the first supplements used 
in connection with grain feeding of poultry. It was usually fed 
one or more times a day, and the birds were given all they would 
eat. The dry-mash system, in which the dry mash is kept before 
the birds for a certain part or all of the day, came into use about 
1900. 

EXPERIMENTS WITH HENS. In 1907 Rice* reported an egg 
production of 129 eggs for hens having dry mash available all 
day and being hand fed grain twice a day, as compared with 121 
eggs for hens being fed we| masb at noon and hand led grain 
twice a day. Buss* also reported approximately the same pro- 
duction over a period of 2 years for hens fed the mash dry in 
hoppers or fed moist mash once daily in a trough. 

Reports from Australia**’** show an advantage in egg produc- 
tion in feeding supplemental wet mash. Results from England** 
show the lowest production when feeding wet mash only and Im- 
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provement when the dry mash Is supplemented with wet mash. 
The combination of the two proved particularly advantageous 
during the winter months. Body weights were also maintained 
more satisfactorily. 

A report from South Africa®* indicated more eggs from birds 
receiving dry mash than from birds getting a wet mash. In one 
experiment at Cornell, feeding wet mash only at noon gave a 
lower yearly egg production (141 eggs) than where dry mash 
only was available all the time (161 eggs). We find, however, in 
this case that most of the difference is traceable to one period, 
when feeders were changed and the birds consumed less food. 
When a wet mash was fed as a supplement to the dry mash, the 
results were not always consistent. Usually there is a small in- 
crease, especially during the fall and winter months (Table 18). 

TABLE 18. WET-MASH FEEDING AT CORNELL 


Plus 

Method of Feeding 
All mash 

Trough-fed grain + dry mash 


LUlor-fed grain + dry mash 

The supplemental wet mash should be fed toward the middle 
of the day and preferably before the night feeding of grain, un- 
less it is desired to increase the proportion of grain consumed. 
Where the supplemental wet mash was fed after the nigh* grain, 
the birds consumed 49 per cent of the total feed in the form of 
grain, as compared with 44 per cent of the total feed in the form 
of grain where the supplemental wet mash was fed before the 
night grain or at noon. 

Results from North Dakota®^ indicated that the feeding of a 
moist fleshing mash made little difference in the rate of egg 
production, percentage gain in weight, or mortality of cither 
Rhode Island Red or Wlilte Leghorn pullets. The use of the 
moist fleshing mash materially decreased the consumption of 
whole grains and decreased somewhat the consumption of dry 
mash. Heavy feeding of grains was equally as effective as a 
moist fleshing mash in increasing the body weight of laying pul- 
lets, and. since egg production and moriallly were not affected. 


No Wet Mash 


179 A 5.3 
193 t 4.4 


194 ±4.5 
13$ ± 3.1 


189 ± 4.7 
189 ± 4.7 
/232 
1216 

200 ± 6.2 
127 ± 3.3 
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It was concluded that the prcxiucer rcccltcs no extra return for 
the time spent In making and (ceding a moist llcshlng mash. 

The North Carolina Station** reported bencllts from (ceding 
yeast-fermented mash as compared with wet mash. The yeast- 
(ermented mash, when fed both to WTiUe Leghorns and to Rhode 
Island Ucds, stimulated the appetite and led to higher (cod con- 
sumption and higher egg production. The birds also came Into 
production more rapidly. In one lest the mortality rate was also 
lower. 

A survey ol poultry (arms in 1020, by E. C. Mlsncr o( the De- 
partment of Agricultural Economics at Cornell, Indicated a 
greater production on those (arms that fed wet mash the year 
round. These results were not confirmed, however, in a subse- 
quent survey of 123 poultry farms for the year ended Septem- 
ber 30, 1930. His conclusions from the latter survey arc: 

tlatians now coot;i{n marc dried milk products than a lew jears ago 
They arc more palatable. Itlumlnalton and the use of cod liver oil are 
more general. The advantage of using wet mash does not appear a» great 
as when a study was made ta 1926 Still, pouUr)^^ using wet mash ob- 
Uin threo-Courths of a dozen eggs more than those (ceding no wet mash. 

Per Cent Uy. 

Number of October- 

Farms Eggs per Den December 

No wet mash 2$ 140 20 

NVci mash irregularly 51 140 21 

Wet mash )ear round 44 147 26 


In summarizing reports from pullet management campaigns 
In New York State, no difference In annual production was re- 
ported (rom (arms feeding wet mash as compared with those 
using dry mash only. This might lead one to conclude that the 
use of wet mash does not help In sustaining high egg production. 
However, a (lock that is vigorous and healthy and well housed 
can maintain good production without resort to wet mash or 
other encouragements to greater mash consumption. Very often 
it IS only after a (lock has failed to produce satisfactorily that 
the owner resorts to wet-mash feeding, hoping for improvement. 
Hence it may be to the credit of wet-mash feeding that results 
m such flocks are as good as they are. 

experiments with YOUNG STOCK. In the production of 
table poultry conducted la England,** dry mash as a rearing ra- 
tion gave better results than wet mash, but there was no differ- 
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ence between a dry mash and a combination of wet and dry mash. 
Other experiments’® show no significant difference between dry- 
mash and wet-mash feeding for growing chicks. 

ADVANTAGES OF DRY-MASH FEEDING. Some of the points 
in favor of the dry-mash system are: 

1. Less labor. 

2. Large flocks possible. All the birds have an equal chance 
for feeding. 

3. No freezing in winter. 

4. No must, mold, or sourness In summer. 

5. Less apparatus required. Where large quantities of wet 
mash are used, mixers are necessary. 

ADVANTAGES OF WET-MASH FEEDING. 

1. More palatable if properly used. Stimulates food consump- 
tion, although this may be only temporary. 

2. Less sorting and wasting. 

3. Swollen feed. 

4. Waste meat, table scraps, etc., readily included. 

MASH FEEDING PRACTICE. The generally accepted prac- 
tice is to keep the dry mash In front of the birds all the time as 
the main source of mash. The dry mash is then supplemented 
with a wet mash or pellets when it is necessary to maintain or 
increase food Intake. (The regular laying mash can be used as 
satisfactorily as a special fattening mash.) Feeding a wet mash 
is not necessary all the time or when the birds are consuming 
enough food in the dry form. Feeding extra milk or increasing 
food consumption in other ways will have the same effect as 
feeding a wet mash. 

High-protein mashes are often used. Davidson’^ reports 
slightly less total feed with such a supplement. Home-grown 
grains can be used to better advantage by using a high-protein 
mash. However, this Increases the problem of supplying the 
vitamins. 


FOHM IN WHICH TO FEED GRAIN 

Grain is frequently fed in the bundle, and corn is fed on the 
cob. They are fed so with the Idea of saving threshing or shell- 
ing. or to give the hens more exercise. It is possible to accom- 
plish these things, but we need to keep in mind that by so doing 
we may not know exactly how much grain we arc feeding. The 
tendency is to underfeed on grain rather than lo overfeed. Be- 
sides, there is a rapid accumulation of straw or cobs which 
needs to be taken care of. Straw probably will need lo be re- 
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moved more frequently than Is necessary for sanitary purposes. 

Shall the corn be fed whole or cracked? Feeding whole corn 
has certain advantages, such as decreasing the danger of spoil- 
ing, avoiding the loss of part of the grain in cracking, and more 
readily determining the quality. As long as the kernels are not 
too large, it can be fed. If whole corn is to be fed to the hens, it 
is advisable to begin feeding the same to the pullets on range. 
The basis for feeding cracked corn is to produce a larger num- 
ber of particles and induce the hen to greater activity, that is, 
to give her more exercise. Activity is necessary to make the 
hens healthier, to strengthen the muscles, to make them eat 
more, and to produce heat and body activity, which Is essential 
for production. The feeding of finer particles probably depends 
upon whether or not the bird gels enough exercise In its ordi- 
nary activities. Some think that a hen will eat more whole corn 
because it can be picked up quickly. This, however, does not 
necessarily hold true. Often the hens will eat more of the 
cracked corn, in which case U might be an advantage to feed it. 

Soaking grain in milk or water has also been practiced.^^ 
Hadllngton reports that a flock of 150 pullets fed for 3 months 
on soaked wheat showed higher return over cost of feeding than 
the flock fed on the ordinary ration. Newman states that the 
soaking of gram for 24 hours is an economic proposition, re- 
sulting in Improved health, belter production, and a slight re- 
duction in the amount of food consumed. 

In a study of palatabihty of grains, Newbigln and Linton” 
state that “one fact stands out clearly in this experiment, and 
that IS that the first four foods selected by the chicks, namely, 
millet, canary seed, dari, and hemp, are the only grams (with 
the exception of linseed) offered to the chicks m their natural 


state, l.e., neither decorticated nor kibbled. It may, therefore, 
be that the deciding factor in the natural selection of food by 


young chicks is the condition in which they are offered, ‘natural’ 
foods bemg selected in preference to 'treated' foods.’’ 


PRACTICES IN CONNECTION WITH FEEDING LIQUIDS 
Is it necessary to feed both water and milk when we are using 
liquid milk as our source of animal protem feed"? That will de- 
pend to quite an extent upon the season of the year and the extent 
to which it is necessary to have the birds consume the liquid 
product, it will depend upon whether milk is being supplied as a 
food or drink or both. If the birds are not getting any meat scraps 
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in their mash, it will be necessary to restrict and sometimes 
entirely eliminate the water in order to get them to consume 
sufficient quantities of milk. On the other hand, if we restrict 
the water or eliminate it, we need to use the milk as their drink 
also. Under those conditions, they are likely to consume larger 
amounts of the liquid milk than are necessary. This would not 
be economical. Where the birds get meat scrap in their mash, 
usually a combination of water and milk is used. Both are kept 
available or the milk is fed alone until consumed, at which time 
water is supplied. 

The question is often asked whether it is necessary to warm 
the water in the winter.’^ If the water is too cold, it will not 
stimulate consumption, and we need to get a considerable water 
consumption in order to have the birds function properly. Rec- 
ords from Oregon indicate that pullets drank 25.4 per cent more 
warmed water than cold water during freezing weather and that 
water consumption was increased 5 per cent per pullet and 4.2 
per cent per 100 eggs laid by warming it during average western 
Oregon winter weather, in which the temperatures were above 
freezing 90 per cent of the time. Beresford, reporting results 
obtained in Idaho, states that the pens receiving 40 to 50 F. de- 
gree water gave an egg production record decidedly in favor of 
the pens receiving the warm water. In these pens also 20 per 
cent more water was consumed. 

Frequently hot water is used to mix a wet mash during cold 
weather because some think that a warm mash is more appetiz- 
ing. 

Therefore, it is advisable at least to take off the chill from 
the water in cold weather. Where heating appliances are used 
to keep the water from freezing, this is automatically taken care 
of. Otherwise, warm water can be furnished two or three times 
a day. 

On the other hand, a cool drink in the summer is also relished 
by the hen. Anything that will increase the contentment of the 
birds will probably have its effect on production. 

COOKING FEEDS 

A number of years ago it was quite common to cook feeds for 
poultry. With the increase In the size of flocks, this practice 
has very largely disappeared. Certain feeds, such as beans and 
potatoes, seem to be improved for poultry by cooking. Cooking 
Involves extra equipment, expense, and labor, which it is doubt- 
ful are repaid in results. 
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RANGE VS. CONFINEMENT 

The question of range as compared with confinement resolves 
Itself into whether or not the birds are getting what is necessary 
tor them. The lavorable results previously obUmed by Iree 
ranee, as compared with confmement, are due probably not so 
much to the tact that the birds had tree range as to the 
they were getting nutrients under tree-range conditions, 
they were not getting when they were kept contined. It is possini 
to restrict birds to comparatively small areas and get just as 
good results if they are getting the same nutrients as birds on 
free range. Access to outdoors, for exercise and sunshine, ana 
provision for green feed will give just as good results as run- 
ning on the range. Poor results from confinement are due to a 
deficiency in the ration rather than to the fact that the birds i 
not have a chance to range. With the development of commer- 
cial poultry keeping the practice is for greater confinement of 
both growing chicks and laying stock In addition, many poultry- 
men are now keeping their chicks for the first few weeks of life 
in battery brooders, where the amount of space provided is muc 
more limited than in ordinary confinement. 

These changed practices in management, as well as new de- 
velopments in methods of feeding, have brought the manner of 
feeding strongly to the attention of poultrymen and hai'e led to 
the belief on the part of some that the newer systems of feeding 
might be responsible, in some unknown manner, for certain of 
the difficulties occurring frequently in poultry. The belief, how- 
ever, is not well founded. U should be remembered that the con- 
finement of poultry has brought about restriction of exercise and 
a change In the nature of the ration. As long as unlimited range 
was provided, hens were to some extent independent of the ra- 
tion supplied, for they were able to supplement this ration with 
succulent green food, bugs and worms, and other poultry titbits, 
the food value of which, except for the green feed, is little knoirn. 
Furthermore, restriction of exercise and confinement to the 
neighborhood of the feed hoppers has caused greater feed con- 
sumption, which m turn has stimulated growth and egg produc- 
tion. 


Confinement has given better control of sanitation and other 
conditions. However, a complete ration and more exact feeding 
and management are required to prevent vices and troubles. 
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FEED RESTRICTION 

Heywang’® showed that restricting the amount of diet intake to 
75 per cent and 87^ per cent of the amount consumed by the 
group fed on an ad libitum basis caused a decrease in the total 
average number of eggs produced but did not affect the average 
size of the egg laid by the fowls in the different groups or the 
average body weight of the fowls. 

Burmester and Card’® report the effect of restricted feeding 
time when feeding an all-mash ration and pellets to Leghorn- 
Rhode Island crossbreds kept in individual laying cages. With 
the all-mash ration, body weight and egg production declined 
rapidly when hens were restricted to less than 6 hours of feed- 
ing time each day. The mash-fed hens, when restricted to short 
feeding periods, would eat continuously for more than an hour, 
when feed was offered, in an effort to get sufficient total food. 
Hens fed pellets could eat a given quantity of feed in a much 
shorter time and hence were able to maintain their weight and 
to continue to lay while on feeding schedules as short as 2 hours 
dally in one continuous period, or 20 minutes every 12 hours. 

Temperlon and Dudley” found that restriction of food of lay- 
ing pullets, under a system of dry-mash feeding, resulted in 
lower egg production and lower final body weight, as compared 
with birds fed ad libitum. Where pullets had access to mash on 
only 6 days of each week, there was little difference in egg pro- 
duction; final body weights were slightly In favor of the unre- 
stricted birds; there was a 6 per cent saving of feed in favor of 
the restricted feeding. Taylor’* found production not as good 
where hoppers were closed 2 hours a day as where they were 
open all the time and a decided decrease in production where 
the hoppers were closed one day a week. 

Fangauf and Haensel’® report that, when hens have free ac- 
cess to mash, the restriction of the amount of grain fed will 
cause an increase in mash consumption so that there is not 
much difference in total food intake. 

Koimard and Chamberlin,” In comparing various rations and 
methods ot feeding layers, conclude that any of the methods may 
bo sately recommended with the possible exception ot the one 
which provided a 32 per cent protein mash and restricted the 
free choice of corn and oats to 2 hours dally. 

Restricted feeding of pullets" has been reported as retarding 
growth and delaying sexual maturity hut having no material ef- 
feet on subsequent performance. 

Temperlon" restricted the mash consumption of pullets on 
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range by limiting the time during which the birds could obtain 
mash. There was a much greater consumption of grain in those 
groups to which the mash was restricted so that the net saving 
in feed was 5.6 per cent, with only a small difference in body 
weight at the end of the rearing period. Temperton and Dudley 
reported that the general result of restricting feeding during the 
rearing period to 80 and 90 per cent of the amount consumed 
under unrestricted feeding has been a lower final weight at the 
end of rearing for the restricted groups. There appear to be no 
important after effects of the rearing restrictions m the subse- 
quent laymg period of puflets reared on restricted rations but 
with unrestricted rations during the laying period. With pullets 
reared on restricted rations and with the restriction of mash 
during laying, there is a tendency for egg production, or body 
weight, or both, to be below the corresponding characteristics 
for birds fed *‘ad lib.’* Quicke and Kellerman** report that 
after 10 weeks of age weekly 48-hour fasts had no apparent 
detrimental effect on the growth and mortality of cockerels dur- 
ing a test period of 24 weeks with a saving of 17 per cent in food 
consumption. The pullets, however, were affected detrimentally 
especially during the laying period. Feeding small amounts of 
green feed during the fasting periods proved advantageous. 

Edgar and Herrick** tested the susceptibility of chickens to 
coccidiosls when they had access to feed at all times or were 
not fed until after 7:00 A.M. Ui every instance the chickens that 
had access to feed at all times were more resistant to coccidi- 
osis. The difference in susceptibility was believed to be suffi- 
ciently great to justify recommendmg that poultrymen keep feed 
before chickens at all times. 

In observations on ad libitum and restricted feeding, in chick- 
ens a day to 12 months old, Novikolf and Biely*® found that the 
restricted feeding involved a greater amount of labor and re- 
sulted in somewhat lower rate of growth and egg production, 
with no significant differences m the pathology of the two groups 
of birds. 


SUDDEN FEED CHANGES 

Sipe and Polk*’ report that suddenly changing the feed of lay- 
ing birds did not reduce egg production during the first month 
alter Uie change or cause the birds to molt. Berg and Bearse** 
reported that suddenly changmg the texture of the mash or 
changing from mash to pellets and vice versa did not affect the 
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rate of lay. O’Neil®^ concluded that sudden feed changes had a 
deleterious effect on production and that changes in the color of 
the mash may be an influencing factor. 

Platt®“ reports on emergency changing of the ration during 
the winter. Removing the mash but feeding grain ad libitum did 
not affect egg production adversely unless continued for more 
than 6 days. Removing the grain resulted in a marked drop in 
production. 

Whether or not sudden feed changes will affect production ap- 
pears to depend on the way in which the change influences total 
feed intake and restriction of the necessary nutrients. 


GENERAL SUMMARY 

A review of the different systems and practices would seem 
to indicate that the method or system does not appear to be the 
Important thing. The Important factor seems to be whether the 
birds consume as much feed under one condition as another and 
whether, under that method of feeding, they are getting a proper 
balance of nutrients in thetr feeds. Hence, it probably comes 
down to a matter of balance of the ration combined with palata- 
blllty so as to get sufficient feed consumption. Method in itself 
Is not the Important factor.®^ 

If frequent minor variations are disregarded, there is one 
method much more commonly used than any other. It may be 
called the scratch-mash system of feeding. In this system, 
poultry is given two feed mixtures, one consisting of whole and 
cracked grains and the other of ground ingredients. Several 
years ago a decided variation from the scratch-mash system of 
feeding, called the all-mash method, was developed. A combi- 
nation of these two systems of feeding has come into extensive 
use for rearing chicks. In this system, an all-mash ration is 
fed during the first month or two after hatching, and a ration 
consisting of a scratch mixture and a growing mash thereafter 
to maturity. 

Acceleration in growth and increase in egg production have 
put greater strain on the body of the bird and therefore greater 
demands on the ration fed. Therefore, if the system of feeding 
practiced makes It possible to get sufficient daily feed consump- 
tion, emphasis should be laid not on manner of feeding but on 
Ihe nature ol the ration used. Any difficulties not caused by 
disease or inherited weaknesses are in all probability due to the 
use of rations partially deficient In one or more of the essential 
nutrients. 



322 


FEEDING POULTRY 


Rations lor feeding poultry should be complete In 
lactors. When birds are conlined, it becomes more ditllcult, nut 
not impossible, to meet this requirement because succulent 
green feed of the proper type and bugs and worms have been 
automatically removed from their ration. Many nutritive fac- 
tors needed by hens, but still undiscovered, may be contained m 
these natural food materials picked from the range. The way 
out of such a situation is to make use of the so-called protec 
feedstuffs, such as milk, green feeds, and vitamin-rich fee s, 
building poultry rations. 

Wide variations in feeding methods are possible as long as 
they do not make it impossible to get sufficient dally food con- 
sumption, or interfere with the building of a ration complete in 
all essential nutritive factors With these limitations in mm , 
there is no one best way of feeding poultry. 


REFERENCES 

1. Hewitt, A. C. T. Poultry feeding experiments The Poultry Farm er 

<N. S. W., Austratla ) 10<9):17 1942. 

P^erTck, W. O., and A C. Clark. Poultry Feeding Tests The 
Poultry Farmer . (N. S. W.. Australia! August 1944. 

2. Stewart. J. H.. and iT W Atwood. Poultry experiments. W ^ 

Bui . 88. 1903 

3. Rice, J. E. Comparison of four methods of feeding early hatched 

pullets Cornell Bui . 249. 1907. 

4. Buss, W. Feeding experiments with laying hens. Ohio Bui 322 

1918. 

Kennard, D C., and V. D. Chamberlin. Rations and methods of 
feeding layers Ohio Bimo . Bui 210'129 1941. 

5. Cassel, L W Feeding experiments with Leghorns Wash Bui 

210. 1927. 

Martin. J. 11 Grain and sour skimmllk as a laying ration Poultry 
Set . 1-50. 1921-22. 

Marlin, J. II. Mashless ratiems. Poultry Set . 4.26. 1924. 

Martin. J H. Sources of animal protein for laying hens. Kentucky 
Bui 260 1925 

Schlamb. K F., and R L. Bryant. Sktmmilk and grain for laying 
hens. It Dakota Bimo . Bui . 13:104 1951. 

Walker. A. L. The rclaltic feeding \aluc and cost of milk in egg 
production N Mc.x Bui ISO. 1925. 

Willham, O. S. Crain and sktmmilk versus grain and mash for egg 
production. Okla { Panhandle) Bui . 52. 1933. 

6. Rico, J. E.. and C Nixon Seven methods of feeding young chickens. 
Cornell Dui 282. 1910. 

Nixon, C. Methods ot chick feeding. Cornell Pul . 327. 1913. 



FEEDING SYSTEMS AND PRACTICES 


323 


7. Peterson, L. I. The starting of chicks on grain and its effect in 

preventing “pasting up’ ' at -various temperatures. Poultry Sci . 
23:101. 1944. 

8. Carver, J. S. Washington home grown laying rations. Wash . Poul - 

try pointers 4. 1931. 

9. Wheeler, W. P. Feeding experiments with laying hens. N. Y. 

( Geneva) Bui . 90. 1895. 

Wheeler, W. P. Feeding experiments with laying hens. The relative 
efficiency of whole and ground grains. N. Y. ( Geneva) Bui . 106. 
1896. 

10. Wheeler, W. p. Feeding experiments with chicks and capons. N. Y. 

(Geneva) Bui . 126. 1897. 

11. Hart, E. B., H. Steenhock, J. G. Halpin. and O. N. Johnson. New 

chick feeding facts. Wis . Bui . 371. 1924. 

12. Bobby, F. C. The all-mash method of feeding chickens. Jour . Min . 

ofAgr. (England) 35:950. 1929. 

Cassel, L. W. Feeding experiments with Leghorns. Wash . Bui . 210. 
1927. 

Kennard, D. C. Ground grain vs. whole grain for chickens. Ohio 
Bimo . Bui . X(7 and 8):120. 1925. 

Kennard, D. C., and R. M. Bethkc. The all-mash method of feeding 
chicks and pullets. Ohio Bimo . Bui . XI(D;7. 1926, 

Kennar<l, D. C., and R. M. Bcthkc. All-mash method of feeding 
chickens. Ohio Bimo . Bui. Xl(4):181. 1926. 

Kennard, D. C., and R. M. Beibke. Ground grain versus grain for 
layers. Poultry Sol . 5:128. 1928. 

Kennard, D. C.. and R. M. Bethke. The all-mash method of feeding 
chickens. Proc . Third World’s Poultry Congress . 194. 1927. 
Poultry feeding experiment. Repts Ohio County Exp . Farms . 1928. 
Martin, J. H., and W. M. Insko. Feeding trials with laying bens. 

I^. B^. 294. 1929. 

Morgan. C. L. All-mash method of feeding laying hens, s C. Rent 

1930:93. 

Morton, G. E. Poultry Elxperiments. Colo . Rcpt . 1927:18. 

North, M. O. Feeding systems for laying hens. Wyo Bui 230 

1938. ' 

Thompson, R. B. All-raash or mash and grain good. Okla Rent 

1920:96. ' — ^ 

Thompson, R. B., and R. PennuJte. All-mash vs. grain and mash 
Okla . Rept . 1930:137. 

Less feed with all-mash. Internat . Baby Chick Nows. Mar. I. 1931: 


Is scratch grain necessary? Ind. Rcpt . 1926:37. 

Is the all-mash method practical for layers? ind . Rcpt . 1928-54 

Rhys, I. W. All-mash method of feeding poultry. ll^er Ad-ains 

Utility Poultry Jour . 15:673. 1930. 

Rhys. I. W. All-mash method of feeding poultry. National Institute 
of Poultry Husbandry, England. Leaflet 17. 1930. 

13. Card. L. E. Box feeding of grain docs not cut egg yields 111 Rent 
1926—1927:134. ' — ’ — 

Stevenson. G. L. All-mash ration for layers. S. Dak. Rept 1927* 




324 


FEEDING POULTRY 


Stevenson. G. L. Feeding all-mash rattons. S. Dak. R^- 1^8-26- 
Stevenson. G. L. Results of poultry feeding experiments, b. tjaii- 

R-.^and b. Briinmghaus. Bring! die Kbrnerlose Flittenmgs- 
methode Vorleile? Arehiv far GeflUgelk . 8:305. 1934. _ . . 

Wemmiller. L.. and K. Mantel. GenugelfUttenmg ganz ohne Getreiae. 

Are hiv tiir GeflUgelk. 12:245. 1938. 

Carver. J. S Methods of feeding Leghorn hens. Wash. Bm. 2o4. 
Robertson, E. I., J. S. Carver, and J. W. Cook. Methods of feedmo 
laying hens. Wash. Bui . 381. 

North. M. O. Poultry feeding, housing, and lighting experiments a 
the Wyoming Experiment Station. Wyo. Bui . 203. 1934. 

Lee. C. E., S. W. Hamilton. C. L. Henry, and M. E. Callanan. The 
effect of substituting an all-mash and pellet ration for gram, mash, 
and pellets on flock production, costs, and returns. Poultry Sm 
18 375 1939 

14. Shoup. Mr. andMrs. G. R. Feeding trial. Western Wash . Bjd 10- 

W:32. 1928. 

15. Bressler, G. O., D. C. Sprague, and A. S. Mowery Can mechamcai 

methods of feeding poultry replace hand methods? Poultry Scj 
29:176. 1930. 

Callenbacb. E. W. Feeding chickens by machine Poultry Improve- 
ment Board of New York . Yearbook 1949-50 16. 

Lee, C. E. New facts on automatic units simplify feeding practices 
Ever^-body*s Poultry Magazine Jan 1952. 

16. Kennard, D. C.. and R. M. Bethke. The all-mash method of feeding 

chickens. Proc . Third World’s Poultry Congress 194 Canada, 
1927. 

17. Stevenson, G. L Feeding all-mash rations S. Dak Rept 1928 26 

18. Rhys, L W. All-mash method of feeding poultry National Institute 

of Poultry Hush . (Englandl LeaHet 17 1930. 

19. MoIj'Tieux. H. M Pellet and all-masb experiments. Nat Inst. Poul* 

try Hush . (England) Leaflet 16 1930 
Molyneux, H New systems of poultry feeding. Jour Ministry Agr . 
( Great BnUln) . 38:903. 1931. 

Molj-neux. H M Management problems Harper Adams Utility 
Poultry Jour 17:528. 1931 

20. Derg, L R , or.d G. E Bcarse. Studies of the granulation of chicken 

lajing mashes. Wash Bui 522. 1951 
Carver, J. S Methods of fecxling Leghorn hens Wash Bui 254 
Morgan, R B , and B W Heywang A comparison of a pelleted and 
unpcllcted all-masb diet for laying chickens Poultry Sci . 20 62 
1941 

Morris. L Pelleted versus unpelleted mash for laying hens Wvo* 
ming Agr Exp Station Mimeograph Release . July 1947 
Morris. L. Pelleted and uopelletcxl mash for laying bens Poultry 
Sci 26 122. 1947 

Ponsignon. M The use of pellets in feeding poultry. Vie a la cajn- 
pagne 3-376. 1934. 

21 Fangauf. R.. and A HacnscI Die Vcrfullcrung von Kbmerkraft- 
fullcr Arehiv fUr GcflBgclk 10-353 1936 


FEEDING SYSTEMS AND PRACTICES 


325 


22. Blely, J., D. Cooper, and B. March. Pelleted feed screenings as 

scratch feed in a poultry ration. Poultry Sci . 30:778. 1951. 

Jensen, L. S., and J. McGinnis. A comparison of feeding pelleted 
and unpclletcd diets containing different levels of alfalfa to laying 
hens. Poultry Set . 31:307. 1952. 

Lillie, R. J., S. K. Haynes, and H. R. Bird. Effect of fiber in non- 
pclletcd and pelleted mash upon egg production and feed efficiency. 
Poultry Sci . 30:922. 1951. 

23. Bcarse, G. E., L. R. Berg, C. F. McClary, and V. L. Miller. The 

effect on chick growth and feed efficiency of pelleting rations of 
different fiber levels. Poultry Set . 31;907. 1952. 

Bcarse, G. E., L. R. Berg, C. F. McClary, and V. L. Miller. The 
effect of pelleting chicken rations on the incidence of cannibalism. 
Poultry Sci . 28;756. 19-19, 

Hcy'wang, B. W., and R. B. Morgan. A comparison of a pelleted and 
unpclletcd all-mash diet for growing chickens. Poultry Sci . 23: 

IG. 1944. 

Patton, J. W,, and L. A. Rauls. Pellet versus mash forms of chick 
feed. Feexistuffs 10(40):12. 1938. 

Patton, J, W., H. H. Duskirk, and L. A. Rviuls. A study of the rela- 
tive merits of pellets and mash poultry feeds. Vet . Med . 32;423. 
1937. 

Ponslgnon, M. The use of pellets In feeding poultry. Vie a la cam - 
patmo 3:376. 1931. 

Stewart. W. 1., and C. W. Upp. The effect of form of feed on 
growth and feed efficiency, pellets versus mash versus granules 
for broilers. Poultry Set . 30:63. 1951. 

24. Tallent, V. K. Pellets \cr8U8 mash for table duck production. 

liarpor Adams Utility Poultry Jour . 17:539. 1931. 

25. Mc.Murray. M. Table pouUrjTcxpcrtmcnl, 1935 Table ducklings 

(pellets versus wet maeh). Il.arper Adams UlHllv PouUrv Jour 

20:498. 1934. —J. 

20. Ilcuscr, C. F., and M. L. Scott. Studies in duck nutrition I. Methods 
of feeding. Poultry Sci. 30‘1C1. 1951 

27. Scrfontcln. P. J. '1 he "value of pellets In the fcc-dlng of ducks Poul- 

try BullcUn , South Africa 15. I6S-9 1951. 

28. Carver, J. S.. and L. A. WJlhclm. The physiological response of 

turkeys to mash .and pellet feeds. Wash Bui. 354 1937. 

C.arvcr. J. S.. L. A Wilhelm, and J W Cook Methods of fecdlnu 
turkeys. W.ash. Bui 350 1938 

Payne, L. 1 r U. Avery, and D C Warren Mash versus pellets 
for feeding growing turkeys K.vnsas 13th Biennial Rem. 1910 53 
Sltngcr, S. J., K. .M. G.vrttcy. and'c'. V Lv ans^ PellctTdarxl unpeU 
Ictvd diets high in dehydrated green feeds for turkeys grown in 
conlinemcnt P oultry Sci. 3b.3S6 1949 

Zlcgcnlugcn. E.'ll . L li Corman. and J W lUj-ward Feed par- 
ticle sl<o as a factor affecting I'crformancc of turkcv ooults 
i'cKiltrv Sel. 16 212. 1947 ^ 


C. W Ack.r»on ll L Uorchor. A „™[ur„on 
Of ma»h and granule* for chltks Sehra&ka », t.t I93i) 121 
3U. IXivc, W. 1 . A st-Jy of tndividaality m the ra^trtiivv instlncls and 



326 


FEEDING POULTRY 


of Ihe causes and effects of variations in the selection of food. 

Am . Naturalist 69:469. 1335. 

31. Harris, L. J. Vitamins id theory and practice . Macmillan. 1935. 

32. Jukes. C. L. Selection of diet in chicks as influenced by vitamins 

and other factors. Jour . Comp. Psychology 26:135. 1938. 

33. Price, W. E. The role of a new vitamtn~like activator in the con- 

trol of dental caries. Jour . Am . Dental Assn . 30:888. 1943. 

34. Callus, Beck. Neue Beitrage aur Zwei-Komponenten-Theorie des 

Hungers. Versuche mit Htihnern. Zeitschrift fUr Psvchologie 
283. 1930. 

Baege, M. H. Hunger und Appetit bel Htihnern. GefHlgel-Bdrse 
56. 1934. 

35. Anderson. J. O., and G. M. Briggs. Chickens’ preference for feed 

as influenced by its color. Poultry Scl . 27:651. 1948. 

Engelmann, C. Uber den Geschmakssinn des Huhnes. Forschungs- 
dienst 13:363. 1942. 

Rbmer, R. Genichs-, Farben-. Form-, und Geschmackssinn beim 
Huhn. GeflUgelhof, May 27: 339. 1949. 

36. De Bocarme, Ph. Visart. Influence of natural instincts upon the 

devouring of substances other than feed. Kept . Sixth World’s 
Poultry Congress . 236. Germany. 1936. 

37. Alder, B. Coarse mashes more desirable for laying hens Farm 

and Home Science ( Utah) 2(31. 1941. 

38. Jackson, H. W. Individual characteristics of hens Pa Kept 1911: 

228 . 

Kempster. H. L Food selection by la>iDg bens Jour Am . Assn 
Instructors and Investigators in Poultry Husb . 3-26 1917 
Banta, L. What judgment does a~iieD use in selecting her food? 
Poultry Sci . 11:364. 1932 

39. Graham, W. R. Can we learn anything from a free choice of feeds 

as expressed by chickens? Sa. Agr 13:203. 1932 

40. I^lnk, E. M. Can the chick balance its ration? Poultry Sci 11 94 

1932 — 

41. Briggs, G M . M H Swanson. E C. Hill, and H J Sloan Self 

selection of diet by chicks I. Choice of mash and gram Pcultrv 
Sci . 28:758 1949 

42. Amon, V. G. Studies on the influence of free choice of feed in 

poultry feedii*. Philippine Agr 19-445 1930. 

43. Pearl, R., and T E Fairchild Studies on the physiology of repro- 

duction in the domestic fowl XK On the influence of free choice 
of feed materia] on winter egg production and body weight Am 
Jour . H>giene 1-258 1921 

44 Charles, T. D . and H O Stuart Poultry thrives on cafeteria 

system N H Bui . 256-lS 1931 

45 Platt. C S , and V Darago Cafeteria feeding of Leghorn pullets 

N J. Hints 29tn. 1941 

46. Tomhave. A E . and C W Mumford Self selection of feeds by 
hens De[ Bui . 174 1931 

47 Graham. J C Indniduallty of pulleU In balancing the ration 

Poultry Set 13.34 1934 

48 Rhodes. C C , L H Bartel, and P E F Jooste. The effects of 



FEEDING SYSTEMS AND PRACTICES 


327 


varying amounts of animal protein fed to White Leghorn pullets 
1. The influence of low, medium, and high protein diets on the 
weight and number of eggs. Empire Jour . Exp . Agr . 3:215. Also 
In Farming ^ S. Africa 10:347. 1935. 

49. Kennard, D. C., and V. D. Chamberlin. The ration as affected by 

free-choice feeding of whole grain and mash. Ohio Bui . 592:100. 
1938. 

Kennard, D. C., and V. D. Chamberlin. Rations and methods of 
feeding White Leghorn pullet layers. Ohio Bimo . Bui. 214:10, 

1942. 

Kennard, D. C., and V. D. Chamberlin. Rations and methods of 
feeding Rhode Island Red pullets. Ohio Bimo . Bui . 219:165. 1942. 

50. Tomhave, A. E., and W. C. Skoglund. Rations and methods of feed- 

ing. B^. 238:13. 1942. 

51. Davidson, J. A., P. J. Schaiblc, A. W. Brant, and C. G. Card. 

Cannibalism in White Leghorn pullets In the laving house. Poultry 
Sci . 20:458. 1941. 

52. Von Ebbcll, H. Ueber den Kannibalismus bel Legehennen. Archiv 

fUr GeflUgelk . 13:357. 1939. 

53. Kennard, D. C., and V. D. Chamberlin. An experience with feather 

picking and cannibalism of pullet layers. Ohio Bimo . Bui. 229: 

215. 1944. 

54. Amon, V. G. Studies on the influence of free choice of feed in poul- 

try feeding. Philippine Agr . 19:445. 1930. 

Card, L. £. Box feeding of grain docs not cut egg yields. III. Rept . 

1926-1927:134. 

Carver, J. S. Methods of feeding l^cghorn hens. Wash . Bui 254 
1931. 

Hicks, W. H. Feeding laying pullets. Rept . Supt . Exp . Farm . 

Agassiz. B. C., Canada. 1928:35. 

Mchrhof, N. R., E. F. Stanton, and D. F. Sowell. Methods of feeding 
grain to laying pullets. Fla . Pul . 380. 1942. 

Sloan, H. J. Frcc-cboicc grain feeding wins approval. Minn. Farm 
fc Home Sci . 2 (No. 3);8. 1945. 

55. Fangauf, R., and A. liacnscl. Kbrnerfutlcr zu bellcblgcr Aufnahme 

Archiv fUr GcflUgolk . 10:137. 1936. 

IlUbner, O., and W. Llcbschcr. Versueb liber die WahlfUtlerung der 
KUken und LegehUhner. Kept. Sixth World’s Poultrv ContTfts.i? 

279. Germany. 1930. ° ' 

Lauprecht, E. Bcitrag zur Fragc dcr Zutcilung dcs KOrnerfutters 
und der Wirkung dcs Futtcrwcchscls bcl Legehennen Archiv fUr 
CcnUgclk . 11:19. 1937. 

56. Hugg, W. C. Poultry farming. Dcgt. Victoria. Australia Bui 

51:30. 1925. ' 

Hadllnglon, E. Feeding experiments at Havkkcsbury Agricultural 
College. Poultry Notes . Department of Agriculture. N. S. Wales 

August 1931. 

57. Carver, J. S. Methods of feeding Leghorn hens. W.ish Bui 254 

1931. — 

Carver. J. S.. E. I. Robertson, J. W. Cook, and J. L. St John 
Protein requirements of laying hens. Wash . Pul. 3G8 1938 



328 


FEEDING POULTRY 


Garrick, C.W. Research solves farm problems. Ind . Repo_rt . 

1941.95. , „ 

Charles. T. B., and H, O. Sluart. Hopper-feeding grain. N. H. 

Circ . 33. 1930. 

Davidson, J. A. Continuous hopper feeding of com and oats to lay- 
ing pullets. Mich . Quart . Bui. 19(l)t3. 1936. 

Davidson. J. A. Hopper feeding grain to laying pullets: A conyari- 
son of continuous hopper feeding of grain with daily hand feeding. 
Mich . Quart . Bui . 20(2):94. 1937. 

Lee. C. E., J. C. Scholes, and C. L. Henry. The effect of “free- 
choice” grain feeding on production, feed consumption, body 
weight, and egg quality. Poultry Sol . 23:360. 1944. 

Lee, C. E., J. C. Scholes, and C. L. Henry. The effect of “free- 
choice” gram feeding on egg production and feed consumption 
Poultry Sci 28.10. 1949. 

McCUry, C. F., G. E. Bearse, and V. L, Miller. A study of feeding 
methods for laying hens. Western Wash . Kept . 1942:57. 

58. Charles, T. B., and H. O. Stuart. Hopper feeding grain N H Circ 

23. 1930. 

Wilson, W. O. Corn, wheat, and barley for chickens. S Dak . 

376. 

59. Carver, J. S. Methods of feeding Leghorn bens. Wash . Bui 254. 

1931. 

Carver, J. S., E. I. Robertson, J. W Cook, and J. L. St. John Pro- 
tein requirements of laying bens. Wash . Bui . 368. 1938. 

Kempster, H. L , and Q. B. Kinder The use of laying concentrates 
for egg production. Mo . Bui 528:43. 1949 
Robertson, E. I , J. S. Carver, and J. W. Cook. Methods of feeding 
laying hens. Wash . Bui. 381. 1939 

60. Kennard, D. C., and V. D. Chamberlin. Free choice of whole grain 

and mash concentrate for layers. Ohio Bimo . Bui 157:154 1932. 

61. Skoglund, W. C. Methods of feeduie lavinz bens. Delaware Bui 

271:12. 1947. 

62. Hays, F A. Free-choice feeding of high produemg layers. Poultry 

Comment 8 (No 6) Dec. 1951. 

63. Lee, C. E., O. A. Rowotb. c. L. Henry, and j. Presto The effect 

of supplementary all-mash pellets in the all-mash feeding program 
for layers using automatic feeders. Poultry Sci . 32-429 1953. 

64. Hadlington, E. Feeding expenments at Hawkes'buz^ Agricultural 

College. Poultry Notes . Dept, of Agr. N. S. Wales . August 1931. 
Hall, M D., ami A. G. Clark. Wernbee 1947-48 poultry feeding 
tests. The Poultry Farmer CAusUalial Oct. 9, 1948- 9. 

McArdle, A. A. Dry vs. wet mash for poultry feeding trial at Para- 
field Poultry Station The Poultry Farmer iAustralia) 15 (17) 38 


McArdle, A. A. Five years of poultry feeding and housing trials. 

The Poultry Farmer (Australia) 17(32).10 1950. 

Rugg, W C., and W P. Pedenck. Poultry feeding experiment 

Jour of ^ Dept, of Ag^. (Victoria) 22:420. 1924. 

65 Temperton, H , and F. J Dudley. The effect of systems of feeding 
on growth and egg production. V. A comparison of controlled and 



FEEDING SYSTEMS AND PRACTICES 


329 


unrestricted dry mash, wet mash, and pellet feeding for laying 
pullets. Harper Afiams Utility Poultry Jour . 33:37. 1948. 
Rhynehart, J. G. A comparison of wet mash, dry mash, and a com- 
bination of both In the feeding of laying pullets. Eggs . Aug. 12-19, 
1931. 

Rhys, I. W. All-mash method of feeding poultry. Harper Adams 
Utility Poultry Jour . 15:673. 1930. 

66. O^ven-John, A. Poultry feeding. Union of South Africa Dept , of 

Agr. Jour . 6:176. 1923. 

67. Goodearl, G. P. Feeding for winter e^ production. N. Dak . Bimo . 

Bui . 1(1):7. 1938. 

Goodearl, G. P. Fleshing mash vs. heavy feeding of grain for 
winter egg production. N. Dak. Bui . 301. 1941. 

68. Dearstyne, R. S., and C. O. Bollinger. Some effects of feeding 

yeast-fermented mash to laying pullets. N. C. Bui . 55. 1938. 

69. Experiments in table poultry production. Ministry Agr . and Fish - 

eries ( Great Britain) But . 91. 1935. 

70. Jourdain, W. L. Dry mash versus wet mash. For feeding of 

chicks in brooder. New Zealand Jour . Agr . 52:233. 1936. 

Torres, A. diP. Agrlculturaalgumas observacoes no escola super- 
ior de Agricultura “Luiz de Quelroz.” Rev. Aerie, fPiracicaba) 
23:87. 1948. 

71. Davidson, J. A. The use of high-protein laying mashes. Mich . 

Quart . Pul . 22(2):87. 1939. 

72. Hadfinglon, E. Soaked wheat feeding experimepts . Hawkesbury 

Agricultural CoITege. Nov. 7, 1936. 

Newman, T. Soaked grain — A year of discovery on the S.P.B.A. 
Experimental Farm. Eggs . Oct. 23, 1935. 

73. Ncwblgin, H. F., and R. R. Linton. PaJatability of certain seeds to 

chicks. Scottish Jour . Agr . 10:422. 1927. 

74. Kable, G. W., and F. E. Fox. Electric water healers for poultry 

Ore. Cite. 81. 1927. 

Beresford, n. Stock tank and poultry water heaters Agr Eng 11 
(8) 1930. 

75. Heywang, B. W. The effect of restricted feed intake on egg weight 

egg production, and body weight. Poultry Set . 19:29. 1940. ’ 

76. Burmester, B. R., and L. E. Card. The effect of restricted feeding 

lime on food intake, body weight, and egg production Poultrv 
Set. 18:402. 1939. 


77. Temperton, H.. and F. J. Dudley. Controlled feeding of l.aylng pul- 

lets. Harper Adams Utility Poultry Jour . 27:73. 1942 
Tempcrlon, H., and F. J. Dudley. Furth^note oii restricting the 
food supply to laying pullets. Harper Adams Ulllltv Poultrv Jour 
27:215. 1942. " 

78. Taylor, M. W. P.A.G.B. feeding experiments. Modern Poultrv 

Keeping (England) LV:270. 1946 ^ 

75. Fancaul, H., and A. Ilacnacl. Dio llarabsglzung dor KdrncrEabe bcl 
mihiisrn. Archiv (Ur Ocnugclk. 13:102 1033 ... nurnartaDe Del 

80. Kcnnard. p. C., and V. D Chamberlin, nations' and melhods of 

feeding la>cr 3 . Ohio Dlmo . Duj . 201-119 1939 

81 . Tempcrlon. H. The control of mash consumption during rcarlmr 

Harper Ad-ims Utility Poultry Jour . 26:33 1941 “ staring. 



330 


FEEDING POULTRY 


82, Fronda, F. M., and I. M. Cniz. The influence of reslrlct^fe^ing 

on pullets from 12 to 24 wcekB old. PhiU^elne,^. 35:90. laai. 
Mllby, T. T., and D. H, Sherwood. The effect of restricted feetung 
on growth and subsequent production of pullets. Poultry Sci. 32: 

83. TemjMrton, H.. and F. J. Dudley. The restriction of food to 

and laying stock. 1. Restriction of mash supply for pullets during 
rearing. Harper Adams Utility Poultry Jour . 29:15. 1944. 
Temperton, H.. and F. J. Dudley. The restriction of food to growing 
and laying stock. II. The egg production of pullets reared on 
restricted rations but with unrestricted rations during the laying 
period. Harper Adams Utility Poultry Jour. 29:19. 1944. 
Temperton, H., and F. J. Dudley. The restriction of food to growing 
and lajmg stock, in. The effect of limiting the laying rations of 
pullets reared on restricted rations. Harper Adams Utility Poe- 
try Jour. 29:24, 1944. 

Temperton. H., and F. J. Dudley. The restriction of food to growing 
and laying stock. IV. The effect of limiting the available energy 
m rations for laying bens. Harper Adams Utility Poultry Jounw 
30:28. 1945. 

84. Quicke, G. V., and J. H. KcHeraaon. Studies on intermittent inani- 

tion in the feeding of poultry. Science Bui . 282. Agr . Res . Senes 
No, 11. Union of S. Africa 1947-48. 

85. Edgar, S. A., ancfcrA. Herrick. Feeding habits in relation to the 

severity of cecal coccldiosis, Eiroeria tenella . Poultry Scl . 23*30. 
1944. 

86. Novikoff, M., and J. Biely Observ’alions on two methods of feeding 

chickens from one day old to twelve months of age. Poultry Set . 
24:245. 1945. 

87. Sipe, G. R., and H. D. Polk. The response of laying hens to sudden 

feed changes. Poultry Sci . 18-394. 1939 

88. Berg, L. R., and G. E. Bearse Studies on the granulation of chicken 

laying mashes Washington Bui 522 1951 

89. O’Neil, J. B. The effect of sudden changes of feed upon production 

Poultry Sci . 25:83. 1946. 

90. Platt, C. S. Emergency substitutions for laymg mash in the diet 

of White Leghorn pullets. Poultry Sci 23:126. 1944. 

Platt, C S Sprouted soybeans, masb, and grams for emergency 
feetLng of White Leghorn pullets Poultry Set. 24 505 1945 

91. Callenbacb, E. W., and R. R Murphy Feeding systems for laying 

hens. Pa. Bui. 425. 1942. 


Temperton, H., and F. J. Dudley. The effects of systems of feeding 
on growth and egg production Harper Adams Utility Poultry 
Jour. 31-13. 1946. 

Temperton, H , and F. J Dudley The effects of systems of feeding 
on growth and egg producticn. 2. The effects In the pullet year of 
dry versus wet mash feeding during brooding and rearing Harper 
Adams Utility Poultry Jour. 31:39. 1946. 

Temperton, H., and F J. Dudley, "rhe effects of systems of feeding 
on growth and egg production. 3. Dry mash vs. wet masb for lay- 
ing pullets. Harper Adams UUllty Poultry Jour. 31-33. 1946. 



FEEDING SYSTEMS AND PRACTICES 


331 


Temperton, H., and F. J. Dudley. The effect of systems of feeding 
on growth and egg production. IV. A comparison of dry mash, 
wet mash, and pellet feeding for growing pullets. Harper Adams 
Utility Poultry Jour . 33;1. 1948. 

Vondell, J. H. Methods of feeding layers and breeders. Poultry 
Sci. 27:531. 1948. 



CHAPTER 11 


HEALTH FEEDING 

In order lo keep In a heallhy and productive condition, an ani- 
mal must be furnished a ration complete in all respects. U 
there Is something lackmg in the feed, production or health, or 
both, ■will suffer. The so-called nutritional diseases are the 
best examples of a deficiency condition. They are due chiefly 
to a lack of vitamins or minerals in the ration. For example, if 
vitamin D Is not supplied, the bird will suffer from rickets. 
Perosls may result if the chick does not get enough manganese. 
These specific nutritional diseases or deficiencies are discussed 
In detail in Chap. 3 dealing with vitamins and minerals. 

RELATION OF THE DIET TO HEALTH 
We must always keep m mind the fact that the ration may have 
an effect upon the health of the animal and the incidence of dis- 
ease, particularly in middle and old age. In comparing a rat 
colony on a good diet with one on an ill-balanced diet, it was 
found that the well-nourished animals showed no illness, no 
death from natural causes, and no infant mortality, whereas the 
poorly nourished animals showed indications of a number of dis- 
eases and disorders.' Apparently, diet is important in the pres- 
ervation of healthy cells and tissues with consequent normal 
function. 

The Iowa Experiment Station^ reported that the ration might 
have an effect upon the incidence of so-called range paralysis 
A report from Northern Ireland’ has shown that the addition of 
supplements of limestone flour to a complete rearing ration im- 
paired the health of the birds and increased the mortality due to 
coccidiosis. Other experience also indicates that an excess of 
calcium in the chick ration will depress growth (See Chap. 3 
on minerals.) 

One report indicates gout as being caused in chickens that 
were fed too richly with lime.* Besides too large a quantity of ^ 
lime, other causes have been given for the development of gout 
It IS usually influenced by many months of one-sided feeding and 
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confinement. It is also looked upon as a disease connected with 
metabolism. 

One of the benefits of milk feeding is attributed to its develop- 
ment of the aciduric or lactic acid bacillus group of bacteria in 
the intestines. They are favorable bacteria. On the other hand, 
meat and other high-protein diets Increase the indo-producing 
bacteria and other organisms of the so-called putrefactive type.® 
The severity of coccldiosis has been influenced by the type of 
ration fed.’"^* 

An adequate supply of the various nutrients is essential for 
resistance to disease. Boarl^* reported that chicks on a vitamin- 
deficient diet infected with B. avtsepticus acquired immunity 
with much more difficulty. Seeler and Ott^^ reported more se- 
vere avian malaria infections in chicks when the diet was defi- 
cient in folic acid, protein, and unidentified factors. 

Diet has a relation to the development of internal parasites. 
Results from the Kansas Station*® showed that the resistance of 
chickens to parasitism was affected by vitamin A and vitamin B. 
The inclusion of liquid skimmilk and meat meal as supplements 
in the diet increased the growth rate and the resistance in the 
chicken to the nematode Ascaridta lineata but that the plant diet 
produced the slowest growth rate and the least potent resistance 
in the chicken to the growth of the nematode. In the case of 
chicks infected with Eunena leuella, it has been reported that 
vitamin K In their food showed a mortality of only 10 per cent 
in comparison to 70 per cent mortality in the unprotected group.*® 
Chickens receiving a diet deficient in calcium and phosphorus 
were less resistant to infestation with the nematode Heterakis 
gallinae than were those receiving the same diet to which ade- 
quate amounts of calcium and phosphorus compounds were 
added.” 


POISONS IN FEED 

The health of the animal may also be affected if the feed con- 
tains some harmful substance or if the animal consumes some 
material which is detrimental. When the poultryman suffers 
losses, one of his first reactions is to blame the feed and to 
suspect that it contained something poisonous. 

A number of years ago the American Feed Manufacturers 
Association issued a publication entitled Was R ^ Feed? In 
this publication are presented the replies of state represents - 
tives of the Association of American Feed Control Officials who 
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were asked for rdsum^s of actual cases of suspected feed tox- 
icity which were referred to them for investigation. The follow- 
ing observations are representative of the replies. 

Dr. H. R. Kraybill of the Indiana State Agricultural Experi- 
ment Station reported as follows: 

Recently I have summarized the results of the examination of 689 
samples that have been submitted during the last 10 years. Only 4 of 
these samples showed the presence of harmful ingredients. In one of 
these cases, powdered arsenate of lead was accidentally spilled Into the 
feed. In another case, through accident in mixing, 37 per cent of salt 
was present. In some instances, animals that have died were submitted 
with the samples of feed. These animals were autopsled by the Depart- 
ment of Veterinary Science, and, in practically every case, disease was 
found to be present which would account for the death of the animal. 

Mr. Leas, in charge of the feed inspection work in Ohio, wrote 
as follows: 

Every year we have around 150 such cases. They write that they are 
sending the feed that ( they tblQk| has killed their chicketis and want to 
know whether or not the feed has been responsible. Our chemist gi>es 
them a microscopical examination, analyses of protein, fat, fiber, etc., 
and then we feed them to guinea pigs and obtain the starting weight and 
final weight of the guinea pig In only 1 case out of over 1000 samples 
received have we found any poisonous effects of the feed. 

In Maryland, of 61 samples of feed suspected of having killed 
chickens, some of which were accused of killing birds by the 
score, not a single one was found to kill healthy birds even 
though the possible deleterious effects were greatly magnified 
by giving the feed as the entire ration after a starvation period. 
The Nebraska Station pointed out the typical complaint as this: 
“We used this feed and lost a lot of chicks. Please analyze and 
tell us what is in it that is killing them." In their experience, 
m testing feeds over a period of years, they state that in one 
case the ration submitted was unusually laxative because of too 
much molasses, but losses were not excessive. In all other 
cases, no abnormal losses were observed. 

In most cases, it has been shown that the feed did not contain 
any poison or harmful material. In a small number of cases, 
losses have been attributed to the presence of poison, usually 
lead arsenate or Pans green. This might have become avail- 
able to the stock either through malicious intent or through 
carelessness. In one case, it was found that the feed was con- 
taminated with arsenic dusting powder in the warehouse. In an- 
other case, an old paint barrel was used for molasses. Some- 
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times it might be traced to letting the stock have access to cer- 
tain materials about the premises, such as empty paint cans. 

Or they might have eaten decayed animal matter, secured from 
dead animals. 

Losses may also be attributed to faulty management, such as 
maintaining insanitary conditions and improper changes in feed, 
but more frequently the cause of losses is traced to the pres- 
ence of disease. One feed control official pointed out that during 
the baby chick season a sudden wet, cold spell of weather is 
very likely to be followed by an influx of complaints of feed that 
is suspected of being poisonous. 

LOSSES DUE TO INSECTS 

Chickens on range may consume considerable amounts of ani- 
mal life, such as insects and worms. In general, they can do 
this without harm. However, it has been reported that chickens, 
ducklings, goslings, and young turkeys may be killed by eating 
rose chafers.^' Healthy chicks, usually between the ages of 2 
and 14 weeks, may suddenly act sleepy and listless and die on 
range with full crops. On examination, the crop may be found 
to contain rose bugs or chafers in large numbers. The rose 
chafer has In it a poison that affects the nervous system. Hens 
usually are not killed by eating these insects. 

Mortality In turkeys has been reported due to the feeding of 
grasshoppers.^* Enteritis due to injury from the legs of the in- 
sects which even punctured the intestines, was observed. One 
precaution suggested was the feeding of a liberal quantity of 
mash in the morning. 

Mortality in pigeons due to the pea beetle (Bruc/ius pisonim 
L.f° has also been accompanied by injflamed and swollen intes- 
tinal lining. 


POSSIBLE LOSSES TRACEABLE TO GRAINS 

In the teeding ol moldy corn, Gibbs'* reported that severe in- 
testinal reactions occurred in all the chickens when first placed 
on the moldy corn ration and one died ol enteritis Alter feeding 
on moldy corn continuously for 4 weeks, the chickens apparently 
developed a tolerance and did not show any further ill cttecls 
Ronk and Garrick" fed moldy corn to laying hens tor 30 days’ 
with no ill effects. Chicks receiving 20 per cent of moldy corn 
and 30 per cent of good corn grew as rapidly as those receiving 
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50 per cent of good corn. The chicks receiving 30 per cent and 
40 per cent of moldy corn, however, grew less rapidly. No ap- 
parent deleterious effects resulted when chicks received moldy 
corn that was infected with species of penicillium, diplodia, 
fusarium, mucor or rhizopus, aspergUlus, and undetermined 
organisms, including yellow bacteria. There were no apparent 
mortalities due to the feeding of moldy corn, except possibly 
one due to aspergillosis. Borchers and Peltier** added 10 per 
cent of a moldy foodstuff, consisting of a mixture of wheat bran, 
corn, and soybean meal prepared under controlled conditions 
with selected mold isolates, to a chick sUrting ration without 
any apparent deleterious effect. 

The feeding of scabby barley or wheat to chicks, growing 
chickens, or laying birds has had no apparent effect upon rate ^ 
of growth, mortality, or production.**’ ** The Maryland Station 
has reported on the use of field-damaged wheat for poultry. No 
detrimental results were noted in the feeding of it to hens for a 
period of 6 weeks. The wheat was highly discolored, with a 
large percentage of the gram sprouted and slightly moldy. How- 
ever, in using such wheat, they recommend the following; “Use 
only as a part of the ration and If fed heavily use each alternate 
month. If possible run the wheat through a fanning mill to blow 
out dirt and mold. If the wheat Is molded badly, heat in an oven 
to kill the mold spores. Feed only during good weather and when 
diseases are not prevalent.” 

The feeding of new wheat to chickens has been reported as 
favoring the development of blue comb disease.” Feeds associ- 
ated with this condition have been reported to be high in bacte- 
rial floras. On the other hand, heavy feeding of new wheat is 
reported by the Ohio Station** as being not detrimental when fed 
to growing birds or laying pullets. 

The question frequently arises as to the use of wheat or other 
grains which have been treated for the control of plant diseases. 
The reports seem to indicate that gram treated with eosm** or 
mercury compounds are quite harmless when treated in the or- 
dinary way and fed in regular quantities. On the other hand, un- 
favorable results have been obtamed with grams treated with 
certain compounds. It would appear desirable to feed any treated 
gram to a small number of birds before using it generally or In 
large amounts. 

The question also frequently arises as to the possibility of 
using for the feedmg of poultry gram which is affected by smut. 
Horvath reported that 4 per cent of corn smut added to the 
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diet for 3 months was not injurious to hens and did not affect 
their chemical blood composition or egg-laying capacity. The 
Oklahoma Station®° gathered the sorghum heads from a field in 
which 70 per cent of the heads were infested with a kernel smut, 
determined the number of damaged kernels, and estimated the 
amount of smut. The spores of the smut were fed to young and 
grown chicks without any apparent effects on growth, egg pro- 
duction, or hatchability. The Oklahoma Station*^ also indicated 
that the feeding of 12 per cent of kafir smut mixed in the mash, 
or smutty wheat used in the mash, did not decrease egg produc- 
tion, fertility, and hatchability, where the ration was otherwise 
adequate. The Maryland Station** used wheat damaged with 
stinking smut as a poultry food with reasonably satisfactory re- 
sults from the standpoint of palatability and the absence of de- 
leterious effects, although its feeding value appeared somewhat 
reduced owing to the destructive action of the smut. 

Caution is usually advised in connection with the feeding of 
grain affected with ergot, since it has been reported that the 
presence of this fungus would cause diarrhea. LobI** reported 
poisoning by ergot. He stated that the chickens hopped about 
like sparrows. The toes of some of them were mummified, and 
of others swollen and soft. In some cases, the skin broke loose 
from the sole. 

Aspergillosis*^ is a disease caused by the aspergillus mold, 
the mold which grows on damp feed. It produces spores that 
blow about when the feed becomes dry. If these spores are in- 
haled, the disease results. 

It has been reported that young chicks fed on barley died in a 
few days. Examination showed that coarse barley hulls cut the 
intestines to ribbons. Irritation of the eyes caused by barley 
barbs from the litter has also been observed in chicks. 

LOSSES DUE TO TOXIC PLANTS 

Hart** reported that seeds of Araujia serictfera proved to be 
toxic to fowls in three feeding experiments with White Leghorn 
roosters. The toxic principle caused enteritis, incoordination 
of movement, and loss of balance and of muscular control. Tox- 
icity Increased with maturation of the seeds. Five grams of ripe 
seeds proved lethal. 

In the feeding of cocoa wastes to poultry, Temperton and Dud- 
ley* reported that death occurred even when only 10 per cent 
of Uils food was Included in the daily ration. The theobromme 
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content of this ration was 1.9 per cent. They suggested that the 
only satisfactory method of avoiding risk is to use only cocoa 
bean products from which the theobromine has been remold, 
but the cost of this would make the price too high. The bird ap- 
pears perfectly healthy and may even be in the act of consuming 
food when it suddenly becomes rigid for a few seconds, falls 
back contorted with muscular spasms, and dies. After death, 
the limbs are fixed and the joints Immovable for a few minutes, 
but later the whole body becomes limp and rigor mortis follows 
after the normal interval. Upon post-mortem, no obvious cause 
of death can be found. 

The seeds of corn cockle (Agivslemnia giihago L.) have been 
shown to be toxic to chickens,” as well as to other animals. 

The poisonous principle is a glucoslde found in all parts of the 
plant, but mainly in the seed. Birds affected with cockle poison- 
ing present a generally listless or sleepy and unkempt appear- 
ance, with rough feathering and diarrhea. Characteristic lesions 
of cheesy material in the mouth and under the tongue have been 
reported. Cockle poisoning decreases the respiratory rate and 
heart rate of the bird. The resistance of the bird to coccidlosis, 
paralysis, fowl pox, and diphtheria has been reported decreased, 
even when sublethal doses have been fed. In the case of chicks, 
lesions were observed even when very small amounts of ground 
cockle were added to the feed, but weight was not affected until 
more than 2 per cent of ground cockle was added. Larger 
amounts finally resulted also in mortality. Larger amounts of 
the ground cockle are necessary to secure like results in older 
birds. Older birds seem to have developed a tolerance to the 
poison. Whole cockle is unpalatable and, when fed in that form, 
usually will not be consumed in large amounts. But whole cockle 
can be consumed In large quantities without any very serious 
detrimental effects. 

Certain species of crotalana seed*' have been shown to be 
toxic for chickens, quail, and doves. The seeds are not relished 
and will not be eaten in large quantities, except under unnatural 
conditions, such as close confinement with constant access to 
the seed. 

Daubentonia seed poisoning in poultry has been reported by 
the Florida Station.*' The seed is highly toxic to poultry, and 
death occurred soon after the seeds were consumed. 

The toxicity of Glolttdium vesicanum Harper seeds for fowls 
has been reported by the Florida Station." Well-fed birds usu- 
ally refuse to eat the seeds voluntarily Semi-starved birds will 
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eat some of the seeds but usually not enough to prove fatal. 
However, a number of cases of natural poisoning by the seeds 
have been observed*. 

It has been reported that hedge mustard (Erysimum crepidi- 
fohum)*^ is readily eaten by geese and has often killed off a 
whole flock in a few hours. The whorled milkweed has been re- 
ported as a poisonous plant for poultry*^ and for turkeys.^^ 

The top parts of the plant are more toxic than the roots. The 
birds show inability to stand, together with spasmodic twitch- 
ings of the limbs and head. Immature tender plants appear 
more toxic than the more mature weed. The birds will not con- 
sume much of the weed if they are provided with sufficient 
wholesome green feed. 

Losses have been reported from the consumption of mustard 
seed and also from plants which produce hydrocyanic acid in 
the intestinal tract.'*'* 

Parsley'* is a very potent herb which should rightly be con- 
sidered more as a medicinal plant than as a poultry green teed 
to be used freely. The whole parsley is a poisonous plant. Most 
varieties of cultivated or wild parsley are fairly toxic for fowls, 
and the roots are even more so than the leaves. 

Potato or solanin poisoning'* has been reported in ducks which 
have been fed on cooked sprouted potatoes. The green sprouts of 
potatoes contain a considerable amount of the solanin. It has 
been suggested that one should never use the water in which po- 
tatoes have been boiled for mixing a wet mash, particularly 
when the potatoes have commenced to sprout. 

Tar weed seed,'*’ which has been shown to be toxic for swine, 
horses, and calves, has been reported as not being toxic for 
poultry, when occurring in the usual amounts m unscreened 
western wheat. 

A number of other plants have been reported as being poison- 
ous to poultry. They include the leaves of white snake root, 
black night shade/® particularly the green berries, leaves of 
lily of the valley, sprouts of cocklebur, and pokeberry and Jim- 
son weed seeds, seeds of the lead plant/® and some vetch seeds “ 
Wliole wheat frequently gives better results, especially in 
fattening, than wheat by-products. In some cases, this may be 
explained by the fact that the by-products contain some of the 
injurious seeds, such as cockle, ergot, and darnel.*^ 
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LOSSES DUE TO CHEMICALS 
A case of poisoning by acetic acid has been reported for fif- 
teen chicks in a house, the floor of which was covered with 
beechwood sawdust on which the sun was shining. This was 
thought to be a case of poisoning by inhalation.” Sodium bicar- 
bonate and boric acid have been reported injurious to chicks. 

Arsenical poisoning has been reported in the fowl. Arseni- 
cal preparations, among the most useful insecticides, are used 
in dips against ticks, internally against worms, as a spray, and 
as bait for locusts. It has been shown that when arsenic is ad- 
ministered in small quantities such as in poison bait for grass- 
hoppers, or in spray for fruit trees, the domestic fowi can tol- 
erate comparatively large doses over a long period without any 
visible ill effects.** 

Copper compounds are toxic for domesticated birds.* Cop- 
per sulphate poisoning has been reported as due to the feedmg 
of wheat treated with copper sulphate for mildew or to giving a 
copper sulphate solution as drinking water ” Copper sulphate 
poisoning commences clinically with blue-green diarrhea, fall- 
ing out of plumage, loss of appetite, and vomiting. Death is ac- 
companied by cramp. Copper sulphate solutions are frequently 
used for the prevention and control of certain diseases. Water 
containing more than 0.2& per cent (1-400) copper sulphate was 
found to be deleterious to the health of turkeys when given as 
the only source of drinking water.** 

Fluorine toxicosis has been reported to inhibit egg production. 
Since fluorine is a cumulative poison, caution must be exercised 
in the use of mineral supplements containing fluorme in poultry 
feeding.** Similarly, other common minerals present in feeds 
may be harmful when led in excess (see Chap 3, p 25). 

Nicotine is frequently used in the control of round worms in 
chickens. However, hi^ levels of nicotine must be avoided since 
they will affect the growth of the chicks and increase mortality 
Poisons used in vermin extermination have been the source of 
poisoning. The most characteristic symptoms of thallium poi- 
soning in chickens are bluish discoloration of the comb and 
wattle, paralysis of the legs, diarrhea, and loss of feathers 
Young chickens appear to have a greater power of resistance 
against thallium poisoning than older birds. Zmc phosphide and 
sodium fluoroacetate have also been reported as being toxic 
Toxicity symptoms have also been shown after the administra- 
tion of DDT. 
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Carbide poisoning in hens,®® colchlcin®® poisoning in ducks, 
and naphthalene®'* poisoning in hens have also been reported. 

The general symptoms of poisoning are depression, ruffled 
feathers, general debility and unthriftiness, purple comb, diar- 
rhea, and inflammation of the intestinal tract. 

In general, toxins act qualitatively in the same manner on 
birds as on mammals. Quantitatively, there are great differ- 
ences between birds and other animals. Birds are very sensi- 
tive to a few poisons, such as cyanide and carbon monoxide, 
alcohol, and nicotine. On the other hand, they are less sensitive 
than mammals to other poisons, such as urea, arsenic, and 
nerve poisons.®* 


SALT POISONING 

Too much salt is toxic.®® The symptoms of salt intoxication 
are inability to stand, intense thirst, pronounced muscular weak- 
ness, and convulsive movements just before death. A viscous 
discharge from the beak has also been noted, as well as symp- 
toms of paralysis and blue comb. Post-mortem examination re- 
veals edema and lesions in many organs, but particularly hem- 
orrhages and severe congestion in the gastro-intestinal tract, 
muscles, liver, kidneys, and lungs. 

The toxicity of salt seems to depend to some extent upon the 
manner in which it is administered, the presence of water, the 
age of the birds, and the resistance which has been developed 
toward It. The minimum lethal dose seems to be about 4 grams 
per kilogram of body weight or 0.4 per cent of the body weight. 
Young stock can assimilate greater quantities of salt than adult 
birds. Concentrations between 0.5 per cent and 0.9 per cent salt 
in the drinking water produced extreme thirst, short rapid 
breathing, and edematous swelling within a few days. Ducks 
have been reported to be more susceptible to salt poisoning 
than chickens.®’ 

POSSIBLE HARM FROM DRUGS AND HORMONES 

Considerable attention has been devoted in the past few years 
to hormones and their effects on the animal. Caution must be 
used in the application of hormones to feeding, since they might 
have deterimental effects. For example, thyroid, when given in 
excess, will retard the rale of growth or even cause a loss of 
body weight. 
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A number ol suUa drugs lia\e been used for the prevention 
and control of poultry diseases. U is necessary to exercise 
precaution m their use and feed according to directions, since 
large dosages may be harmful.** 

LOSSES FROM CANNIBALISM 

Management and environment are Important factors In avoid- 
ing or controlling losses from cannibalism and feather picking. 
However, it Is also recognized that the ration and feeding niai^ 
agement might have an Influence in this respect. Afalnutrition 
due to a deficiency of protein, minerals, or other factors might 
of itself result in an increase in cannibalism and feather picking. 

POULTRY FEEDING FROM THE PATHOLOGICAL 
STANDPOINT 

Much can be done to maintain the health of the flock by proper 
attention to feeding mitnagement. One program along this line is 
given by Axworthy,” in which he suggests that the following be 
avoided, (l) Excess fiber In the mash or poor quality meals of a 
fibrous nature. They might result in infection of the gizzard, ui- 
flammation of the intestinal tract (mechanical enteritis), and 
inflammation of the kidneys (secondary). (2) Lack of fiber . This 
might result in pasted beaks and Impacted crop^ iT is likely to 
be accompanied by loose, bad-smelling diarrhea, mlestines 
filled with a mucoid pasty mass, and an atonic condition of the 
intestinal tract. (3) Excess protein . This may be accompanied 
by enlarged and inflamed kidneys (nephritis) and ureters dis- 
tended with urates (4) Unpalatable mash . This might result m 
depraved appetite, causing the eating of litter, and a mechanical 
enteritis (5) Stale or moldy food . This might result in the de- 
velopment of aspergillosis (6) Overfatness . The hens are likely 
to be more susceptible to disease such as egg peritonitis. (7) 
Sharp flinty substances . They may cause laceration and inflam- 
mation of the intestinal tract. 



HEALTH FEEDING 


343 


REFERENCES 


1. Heiser, V. G. The influence of nutrition on the diseases of middle 

and old age. Sci . Monthly . Oct., 1939:304. 

2. Wilcke, H. L., F. D. Patterson, E. W. Henderson, and C. Murray. 

The effect of the ration upon the incidence of so-called range 
paralysis. Poultry Sci . 12:226. 1933. 

3. Prentice, J. H. The relation of the calcium content of the ration to 

mortality in the chicken. Jour . Ministry Agr . N. Ireland 6:69. 

1938. 

4. Pallaske. Uber eine cigenartlge Kalkdiathese (Kalkgicbt) beim 

Huhn. Tierarztliche Rundschau . 1933:255. 

5. Hartwick, H. Uber das Vorkommender Viszeralgicht (Eingeweide- 

gicht) bei Junghlihnern und HUhnerkUcken. Tierarztliche Rund - 
schau 46:812. 

Mayall, G. Visceral gout in poultry. Vet . Jour . 1929:230. 

6. Hull, T. G., and L. Rettger. Influence of milk and carbohydrate 

feeding on the character of the intestinal flora. Jour. Bact. 2:47. 
1917. 

7. Beach, J. R., and D. E. Davis. The influence of feeding lactose or 

dry skimmilk on artificial infection of chicks with Eimeria 
avium. Hllgardla 1:167. 1925. 

8. Beckor, E. R. Dietary control in experimental coccidiosis. Science 

86:403. 1937. 

Becker, E. R., and P. C. Waters. The influence of the ration on 
mortality from caecal coccidiosis in chicks. Iowa Jour . Sci. 12: 
405. 1938. 

9. Herrick, C. A., C. E. Holmes, and S. H. Waxier. Steamed bone 

meal favors coccidiosis. Wis . Bui . 453:5. 1941. 

10. Heuser, G. F. Influence of vitamms on growth and resistance to 

coccidiosis. Reliable Poultry Jour . April 1924:226. 

11. Jones, E. Elizabeth. The eff^t of diet on the course of experimental 

coccidiosis in the chicken. Jour . Am . Vet . Med . Ass’n . 38-193 
1934. 


12. Mann, T. B. Chick rearing. X. Roughage and protein as dietary 

factors influencing coccidiosis in chicks, with notes on the limi- 
tation of sulphamezathine in the control of coccidiosis Jour 
Agrlc . Sci . 37:145. 1947. ' 

13. Boari, D. Avltaminiosis. Its effect on immunity. Giornale di 

clinica medicina 17 (1936) Nov., Pedtatria No. 4:367. 1937. 

14. Sceler, O. A., and W. H. Ott. Studies on nutrition and avian malaria 

Jour . Infect . Diseases 77:82, 181. 1945. 

15. Ackert, J. E., and T. D. Beach. Resistance of chickens to the nem- 

atode Ascaridla llneata affected by dietary supplements Am 

Micros . Soc . Trans . 52:51. 1933. ‘ ' 

Ackert. J. E., and L. O. Nolf. Resistance of chickens to parasitism 
by vitamin B. Jour . Hygiene 13:337. 1931 
Ackert. J. E., M. F. Mcllvaine. and N. Z. Crawford. Resistance of 
chickens to parasitism affected by vitamin A. Am. Jour UvtTSpn^ 

13:320, 1931. ‘ — “ 




344 


FEEDING POULTRY 


16. Baldwin. F. M., O. B. Wlswell, and H. A. Jankiewicz. Hemorrhage 

control in chicks infected with Eimeria tenella when protected by 
antihemorrhagic factor, vitamin K- Proc . Soc . Exp . Biol. & ^fc4 - 
48.278. 1941. 

17. Clapham, Phyllis A. The effect of dietary deficiency on infestation 

of chickens vnth the nematode Heterakis gallinae . Jour, of Hel- 
minthology 12:123. 1934. 

18 Allen, W. H. ^Vhy chicks die? N J. Hints 12(7). 1924. 

Lamson, G. H., Jr. The rose chafer as a cause of death of chickens. 
Conn . Bui . 110. 1922. 

19. Heller, V. G., and L. Morns. Grasshoppers m turkey feeding. 

Okla . Exp . Sta . Kept . 1934-36: 77. 1936. 

Wickware, A. B Grasshoppers. A potential danger to turkeys. 
Canad . Jour . Comp . Med L Vet . Sci. 9'80. 1945. 

20. Grzimek, B. Mortality in pigeons. Krankes Gefldgel (Berlin) 

1944:172. 

21. Gibbs, C. S. Moldy com. Mass. Bui . 280:242 1931 

22. Ronk, S. E., and C. W. Carrick. Feeding moldy corn to chickens 

Poidtry Set . 10:236. 1931. 

23. Borchers, R., and G. L. Peltier. Molded foodstuffs I Supplemen- 

tary value m chick starting rations. Poultry Sci 26 194 1946 

24. Titus, H. W., and A. B. Godfrey. Comparison of Scabbed barley, 

normal barley, and yellow corn lo diets for laying chickens. 

U.S.D A. Tech . Bui. 435. 1934. 

Is sc^ Infested barley harmful to chickens? Rem 1929'60 

25. Winter, A. R., and C. M. Ferguson. Feeding new scabby wheat to 

chickens. Feedstuffs l5(52)-20 1943 

26. Waite. R. H. Field damaged wheat for poultry. Md. Bui 231. 1919 

27. Gordon, R. F., and J B. Blaxiand. The occurrence in England of 

outbreaks of disease in poultry resembling the “so-called pullet 
disease” of America Vet Jour . 101-3. 1945. 

Petty, M. A., and G D Quigley The microflora of wheat feeds as 
related to the incidence of blue comb in chickens Poultry Set 
26-7 1947 

Quigley. G. D. The effect of wheat upon the incidence of pullet 
disease or blue comb. Poultry Sci 23 366 1944. 

Quigley, G. D Further studies with wheat and pullet disease 
Poultry Sci 27 647. 1948 

28 Gilch, H FUtterungsversuche an HUhnem mil Getreide das mit 
quecksilberhaltigen Mitteln gebeizt ist Dissertation , Pharma - 
cological Institute . University Leipzig. 1932 
Honcamp Die Denaturiening von Getreide mil Eosm zu FUlterungs- 
zweeken und die Verfilttcrung von Eosinierten Weizen an GeflUgel. 
Biedermanns Zcntralblau 5.87 1933 
Hopfengartner Bcinflusst Eosin-WeizenfUtterung der HUhner die 
Konservierungsfahigkeit der Eier? Mtinchener Tierarzthche 

Wochenschnft 87 397 1936 

Reghi, M Effetli dell eosma e del blu di metilene usati come 
denaturanti delle granaglie Rtvista di Avicultura 5 533. 1935 
Roemer, R , and J Jaeger FUtterungsversuche mil Eosinierten 



HEALTH FEEDING 


345 


Weizen bei Legehennen und MasthShnchen. Die Tiereroahrung 
5;108, 1833. 

Wagner, F, Gesimdheitsshadigungen nach Vorflitterung von Eosin- 
weizen, SUddtsch . landw . Tierzucht 27:401. 1933. 

29. Horvath, A. A. Studies in blood composition of animal under path- 

ological conditions, in. Feeding hens with corn smut. Poultry 
Sci. 9:313. 1930. 

30. Sorghum smuts prove harmless. Okla . Kept . 1927-1930:180. 

31. Penquite, R., and V. G. Heller. Effect of sorghum and wheat smuts 

on chickens. Okla . Rept . 1930-1932:120. 

32. Quigley, G. D., and R. H. Waite. Miscellaneous feeding trials with 

poultry. Bui . 325, 1931. 

33. Lobl, J. Poisoning by ergot. Dreptul nostru 11:20. 1935. (Refer- 

ence in Bwlir^ Therarztllcim Wochenschr^ 1935:424.) 

34. Brunett, E. L. Poultry diseases. Cornell Bui . 337:51. 1935. 

35. Hart, L. Poisonous to fowls: seeds of Araujia sericifera. Agr . 

Gazette (N. S. Wales^ 51:472. 1940. 

36. Temperton, H., and F. J. Dudley. A note on the feeding of a 

cocoa waste to poultry. Harper Adams Utility Poultry Jour. 28:12. 
1943. 

37. Corn cockle. Jour . Board Agr . Great Britain 17:38. 1910. 

Bayon, H. P. Corn cockle seeds m poultry feeds. Chanticleer. 

Nov., 1933. 

Chestnut, V, K. Thirty poisonous plants. U.S.D.A. Farmers’ Bui. 

86. 1898. 

Heuscr, Q. F., and A. E. Schumacher. The feeding of corn cockle to 
chickens. Poultry Sci . 21:86. 1942. 

Kornaulh, C., and C. Arche. The physiological effect of corn cockle 
when fed to swine. Landwtrtschaftlichen Versuchs-Statlonen 40: 

177. 1892. 

Quigley, G. D., and R. H. Waite. Miscellaneous feeding trials with 
poultry. hW. Bui. 325:343. 1931. 

Schneider, Dr. Saponinverglflung durch Verfiilterung von Eosiniertem 
Weizen. Deutsche Landwirtschaftliche GeflUgelzeitung . Sept. 22, 
1932. 

Schneider, Dr. Kornradevergiltung beim GeflUgel luid ihre Einwirk- 
ung auf die Legeleistung. Archiv fUr GctHlgclk . 7;121. 1933. 

Theret, M, Intoxication ties volailles par Ja nlelJe des bles. Rec . 

Vet . Ecolc d’Alfort 122:125. 1946. 

38. Emmel, M . W. The pathology of CroUlaria spectabtlls Roth seed 

poisoning in the domestic fowl. Jour . Am . Vet . Med . Assn . 90: 

627. 1937. 

Emmel, M. W. The toxicity of crotalarta rctura L. seeds for the 
domestic fowl. Jour . Am . Vet. Med . Assn . 91:205. 1937. 

Plercy, P. L.. and L. L. Uusoif. Crotolaria spcclabllis pnisnntnfr 
in Louisiana livestock. Jour. Am. Vet. Med . Asa’n 108:69. 1946 
Thomas, E. F. The effect of feedl^ crotalarla seed to chickens 
and other birds. Fla. Rc£t. 1932:57. 

Thomas. E. F. The toxicity of certain species of crotalarla seed 
for the chicken, quail, turkey and dove. Jour Am. Vet. Med. 

Assn . 85:017. 1934. 



346 


FEEDING POULTRY 


39. Shealy, A. L., and E. F. Thomas. Daufaentonia seed poisoning of 

poultry. Fla . Bui . 196. 1928. 

40. Emmel, M. W. The toxicity of Glottidium vesicarium (Jacg.) 

Harper seeds for the fowl. Jour . Am. Vet . Med . Assn . 87:13. 

1935. 

41. Lerche. Vergiftungen von Ghnsen durch Schotendotter. Deutsche 

Landwirtschaftllche Gefliigelzeitung 1933:877. 

Vblker, R. Die Giftwrkung des BUlerstoffe Erysimupikron. 
Berliner Tierhrztliche Wochenschrtft 1934:232 

42. Campbell, H. W. The whorled milkweed as a poisonous plant for 

poultry. Calif . Dept , of Agr. Monthly Bui . Vol. XX(8):577. 1931. 
Campbell, H. \V. Poisoning m chickens with whorled milkueed 
Jour . Am. Vet. Med . Assn . 79:102. 1931. 

43. Stilea, G. W. Poisoning of turkey poults from whorled milkweed 

Poultry Set . 21:263. 1942. 

44. Couch, J. F. Poisoning of livestock by plants that produce hydro- 

cyanic acid. U S D.A. Leaflet 88. 1932. 

45. Kay, H.D. Parsley. Poultry ( Australia ). Oct 14,1933 

46. Brown, F. C. Utility poultry keeping. New Zealand Dept Ap* Bui 

66:23. 1922. 

Salomon. S. Kartoffelvergiftung bel Enten Berliner Tierarzthche 
Wochenschrlft 51:85. 1935. 

47. M^ulloch, E. C. The use of grain containing tarweed seed as poul> 

try feed. Jour . Am. Vet. Med Assn 101 481 1942. 

48. Harvey. R. B . A. H. Larson, R. H Landon. W L Boyd, and L C 

Erickson. Weeds poisonous to livestock Mmn Bui 388:8. 194S 

49. Eveleth, D F., A. I. Qoldsby, and O. A Stevens Tests on the seed 

of lead plant as a feed for chickens and pheasants N Dak Bimo 
Bui . 11:129. 1949 " 

50. Horvath, A. A. Toxicity of vetch seed for chickens Poultry Sci 

24:291. 1945. 

51. Aleinikov, A N. The substitution of wheat offals (screenings! for 

whole gram in fattening poultry Trans . All-Union Inst . Poultry 
Industries ( Moscow) 3'149 I93S. 

52 Kesko, N. Poisoning by acetic acid. Jugoslovenski Vetennarski 
Glasnig 12-274. 1932. 

53. Wegner, M 1,, W. W Cravens, and J G. Halpin Boric acid injures 

chickens Wise. Bid 449.91. 1940 
Witter, J. F. A preliminary report on the injurious effect of sodi- 
um bicarbonate in chicks Poultry Soi. 15:256 1936 

54. Tocuason, W K , and R F Gordon. Acute arsenical pioisoning m 

fowls. Vet Record 1938.403 

55 Chorley, J K , and R. McCblery Experiments on the toxicity to 
fowls of arscnite of soda and poisoned locusts Rhodesia Agr 

Jour 32 322 1935 

Thomas, E F , and A L Shealy Lead arsenate poisoning in 
chickens Jour Agr. Res 45-317. 1932. 

VanZyl, J p On the toxicity of arsenic to fowls South Afr ican 
Poultry Mag Nov , 1930 



health feeding 


347 


Effect of arsenic on chickens. Poultry Tribune. Feb., 1937. 

56. Pullar, E. M. Toxicity of various copper compounds and mixtures 

for domesticated birds. Australian Vet . Jour . I6rl47. 1940. 

57. Dohlcr. Is stain poisonous? Thesis. Leipzig. 1936. 

58. Hinshaw, W. R., and W, E. Lloyd. Studies on the use of copper 

sulphate for turkeys. Poultry Sci. 10:392. 1931. 

59. Phillips, P. H., J. G. Halpin, and E. B. Hart. The influence of 

chronic fluorine toxicosis in laying hens upon the fluorine content 
of the egg and its relation to the lipoid content of the egg yolk. 

Jour . Nutr. 10:93. 1935. 

60. Grzimek, B. Die Wirkung von NIkontinsulfat auf HUhner. Tierarzt- 

liche Rundschau 41:1935. 

Hunter. J. E., D. E. Haley, and H. C. Knsndel. Effect of concen- 
trations of nicotine on growth and development. II. Growth and 
development of chicks as influenced by the addition of ground to- 
bacco to the ration. Poultry Sci . 13:91. 1934. 

61. Blaxland, J. D., and R, F. Gordon. Zinc phosphide poisoning in 

poultry. Vet. Jour . 101:108. 1945. 

Cottral, G. E., G. D. Dibble, and B. Wlnton. The effect of sodium 
fluoroacetate (“1080" rodenticide) on White Leghorn chickens. 
Poultry Sci. 26:610. 1947. 

Landauer, W. Influence of thallium salts on the moulting mechan- 
ism of fowls. Jour . Agr . Res . 43:67. 1931. 

Marsden, S. J., and H. R. Bird. Effects of DDT on growing turkeys- 
Poultrv Sci . 26:3. 1947, 

Nelson, A. A.. J. H. Draize, G. Woodard. O. G. Fitzbugh, R. B. 
Smith, and H. O. Calvery. Histopathological changes following 
administration of DDT to several species of animals. Public 
Health Rept . 59 {311:1009. 1944. 

Plazikowskl, V.. and S. Svensson. Experimental thallium poisoning 
of dog and fowl. Skandinavisk veterinar-tldskrift 26:68. 1936. 
Robertson. A., J. G. Campbell, and D. N. Graves. Experimental 
zinc phosphide poisoning in fowl. Jour. Comnar. Pathol. & Tbcr. 

55:290. 1945. 

Rubin, M., H. R. Bird, N. Green, and R. H, Carter. Toxicity of DDT 
to laying hens. Poultry Sci . 26:410. 1947. 

Salisbury, R. M. The toxicity of DDT for poultry. Australian Vet. 
Jour . 23:361. 1947, 

Schneider, Dr. Verglftung durch Zellokdrner beim GeflUgel. 
Deutsche TtcrdrztUche Wochcnschrift 1933:403. 

62. Kuscher, A. Karbidvergiflung bcl UUhnern Tlerarztliche Monats- 

schrm 25:692. 1938. 

63. Entenmann, E. Colchicinvcrgiftung bei Enten . Thesis. Munich. 

64. Napthalcno poisoning. Poultry Tribune . March 1937. 

Hudson, C. B. Napthalcnc poisoning in poultry. Jour. Am Vet 

Med . Ass’n . 89:219, 1936. ’ ' 

65. ForcDielmer, L. Uber die Wirkung vcrschlcdcoer Gifte auf Vogel. 

TterarztHcho Rundschau 1931:624. 

60* Blaxland, J. D. The toxicity of sodium chloride for fowls Vet 
Jour . 102:157. 1946. ’ ' 




348 


FEEDING POULTRY 


Blaxland. J. D. Salt polsoolng In poultry. Modern Poultr;^ K£e£ljl5 
54 (25):489. June 19. 194G. 

Bressler. G. O.. S. Cordepk. E. W. Calicnbacb. and G. H. 

The effect of salt and carbollncum In producing ascites in turKcy 
poults. Poultry Set. 30:738. 1951. 

Doll. E. R.. F. E. Hull, and W. M. Insko, Jr. Toxicity of sodium 
chloride solution for baby chicks. Vet . Med . 41:361. 1946. 

Erich, A. InNcstlgallons concerning the operation of foods conum- 
ing herring pickle and bits of herring for fowls; a contribirt on to 
the question of kitchen salt poisoning In poultry. Thesis. Tier- 
suchteninstttut der Unlvcrsitht Lclptlg . 1935, 

Kare, M. U.. and J. Dlely. The toxicity of sodium chloride ^ lia 
relation to water Intake In baby chicks. Poultry Sci . 27;73l. la”- 
Krakower. C. A., and M. CoeUsch. Effect of exccssitc Ingestion ot 
sodium chloride on the chick, with particular reference to renal 
changes. Arch . Pathol . 40:209. 1945. 

Krakower. C. A., and 11. E. Ilcino. Relationship of growth and nutri- 
tion to cardiorenal changes Induced in birds by a high salt Intake. 
Arch. Pathol . 44:143. 1947. 

Matterson, L. D.. H. M. Scott, and E. Jongherr. Salt tolerance of 
turkeys. Poultry Scl. 25:539. 1946. , 

Mitchell. H. H.. L. E. Card, aiid C. G. Carman The toxicity of sail 
for chickens. Ill.B^ 279. 1926 
Quigley. G. D., anS R. H. Waite. Salt tolerance of baby chicks. 

Md . Bui . 340. 1932. 

Sernner, L. 11. Experimental edema and ascites {water belly) 1° 
poults. Jour. Am . Vet . M^ . Assoc 108 27 1946 
Selye, H. Production of nephrosclerosis in the fowl by sodium 
chloride. Jour . Am Vet . Med Assn . 103 140 1943 
Too much salt in ration may KiU young chicks. Penn . Agr Exp 
Sta . 60th Ann . Rept .29. 1947. 

67 Torrey, J. P., and R. Graham A note on experimental salt poison- 
ing in ducks. Cornell Veterinarian 25:50. 1933. 

63. Bankowski, R A. A decrease in egg production following sulfa- 
merazine and sulfamethazine medication Jour . Am Vet . Med 
Assn . 113,49 1948 

Riedel. B B. The effect of sulfamerazine upon egg production and 
hatchability. Poultry Sci 29:621 1950 

Singsen, E. P , H. M. Scott, and L D Matterson The effect of 
sulfaquinoxalme on growth rate and feed efficiency of chicks 
Poultry Sci. 27.627 1948. 

69. Schaible. P. J., J. A. Davidson, and S. L. Bandemer Cannibalism 


and feather picking in chicks as influenced by certain changes m 
a specific ration Poultry Set . 26 651. 1947 
70. Axworthy, R H. Poultry feeding from the pathological standpoint 
Rept. Poultry Path . Res Lab . Reading (Eng.) June 1931 



CHAPTER 12 


FEEDING AND MANAGEMENT 
OF YOUNG CHICKENS 


The object to be accomplished in the feeding of young chickens 
is to grow strong, well-matured, normal individuals with little 
or no mortality, at a cost that is consistent with good results. 


CHANGES IN WEIGHT DURING GROWTH 

One of the purposes of a chick ration is to produce normal 
growth. Normal growth refers to the weights, limited by inherit- 
ance, which the chicks should attain when kept under favorable 
conditions. It Is necessary to keep in mind, however, that the 
rate of growth is subject to variation, depending upon breeding, 
management, and environmental conditions. Hence there are 
definite standards for each variety or strain which has a differ- 
ent weight at maturity. 

The actual weights of chicks, and especially the weights dur- 
ing the early growth period, have improved owing to advances in 
breeding, feeding, and management. Weights and feed consump- 
tion representative of earlier results* have been bettered by 
more recent figures shown in Tables 19 and 20. 

There is very iittle difference in the growth of chickens that 
are reared indoors or on range when they are fed equivalent 
rations. However, Kentucky* reported that the pullets and cock- 
erels reared indoors and without direct sunshine were not so 
vigorous and active or so healthy in appearance as those reared 
outdoors. 

The time of hatching does have an influence upon growth. The 
general tendency is for early hatched chicks to grow faster than 
late-hatched chicks.* However, Kempsler* also reports that 
these differences may be explained on the basis of high tempera- 
tures during the growing season. The type of growth curve, 
therefore, varies, depending on the date the chicks are hatched 
and the temperatures that prevail during the growing season. 

The energy of the young slock is thrown Into growth and mo- 
tion. If either growth or activity is stopped for any period of 
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TABLE 10. GROWTH AND FEED 

CONSUMPTION OF CHICKS 


Body Weight Per Bird, lb. 


Age in 

Cockerels and Pullets 30-50 

lb. Feed per lb. Body Weight 

Weeks 

(except as noted) 

to Age Shown 


Leghorns 

Heavy Breeds 

Leghorns Heavies 

1 

.15 

.19 

.8 .8 

2 

.25 

.33 

1.4 1-8 

3 

.36 

.51 

1.6 1-5 

4 

.55 

.77 

1,9 L8 

2 

.78 

1.2 

2.2 2.0 

6 

1.2 

1.5 

2,5 2.2 

7 

1.4 

1.9 

2,6 2 3 

8 

1.7 

2.2 

2.7 2 5 

9 

2.0 

2.4 

2.8 2.7 


Pullets Only 

pullets Only 

10 

1.9 

2.5 

3.3 2 8 

11 

2.1 

2.9 

3 4 3.1 

12 

2.3 

3.3 

3.6 3 3 

13 

2.5 

3.6 

3.9 3.6 

14 

2.7 

3.9 

4 2 3.8 

15 

2.9 

4 3 

4 4 4 8 

16 

3.1 

4 6 

4 7 -1.1 

17 

3.2 

4.9 

5.1 '*•2 

18 

3.3 

5.2 

5.6 4 3 

19 

3.4 

5.4 

5.8 4 4 

20 

3 S 

5.7 

6.1 4 7 


Reproduced by permlssioo from Profitable Poultry Management . 
20th Edition, 1952, by Clarence E Lee Copyrighted by the Beacon 
Milling Co. iDC., Cajaiga, New York. 


TABLE 20. GROWTH AND FEED CONSUMPTION OF S.C W 
LEGHORN FEMALES AT CORNELL UNIVERSITY 


Total Feed 


Age m 

Average Weight, 

Consumed, 

Weeks 

lb 

lb 

2 

0.28 

0.49 

4 

0.64 

1.55 

6 

1 10 

2 91 

8 

1.30 

4.06 

12 

2.14 

S.36 

16 

2.77 

13.84 

20 

3.36 

18.86 

23 

3 73 

23.16 
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Ume, the results will not be favorable. Both must continue 
steadily according to the laws of growth. Growth represents in- 
creases in tissues, such as bones, muscle, skin, feathers, and 
nerves. Besides water, these increases are chiefly in protein 
and minerals. 


GROWTH RELATIONS 

Before we can consider chick feeding intelligently, it is nec- 
essary to be familiar with the way the chick grows. With poultry 
in general, we have very rapid growth early in life. This growth 
is more rapid than In any other farm animal. Although the aver- 
age chick will double its weight in about a week to 10 days, it is 
not unusual to find individual chicks doing this in a week. It is 
unlikely, however, that It will again double its weight within a 
like period of time. 

RATE OF GROWTH. The mode of growth or percentage rate 
of increase’ varies with age. Average weekly gains are greatest 
during the first month or 6 weeks. During the next month or 6 
weeks, the average rate of gain will be cut in half, after which 
time there is usually a steady decrease in the rale of growth 
until no more gains are made. 

Since there is more danger of trouble when the growth is rela- 
tively rapid, it is usually agreed that the greatest possibilities 
of trouble occur during the first period. If the chicks can be 
successfully reared to 2 months of age, the danger periods are 
generally passed. 

ACTUAL GAINS. As far as actual gains are concerned, there 
will be some variation from period to period. There is a tend- 
ency, however, for the actual gains to increase until the chicks 
are about 3 months of age, after which time there is a general 
decrease. 

FEED RELATIONS. The amount of food consumed increases 
with the increase in the size of the bird. Since the rate of growth 
is also rapid at the start, the gains per unit of food are larger 

Pounds of Feed to 
Period, Produce One Pound 

Weeks of Gain 

0—4 2.42 

4 — 8 3.80 

9 — 12 G.30 

13 — 1 C 7 10 

17 — 20 8.51 
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early in Ule, A larger proportion of the food goes erorth. 
Hence more economical gains are made ahen 
growing rapidly, as shown by Ihe accompanying 
indicate, for a typical group of birds, 

qulred to produce 1 pound of gain in Leghorn pullets at differ 


EARLY HANDICAPS. A number of reports ' have shou^ 
that depressed grovrth in earlier periods was compensated for 
later by more rapid growth, when the nutrient leiel became 
adequate. Ubere there is a partial deficiency, early grow^ 
may be slow. However, this growth may be made up in later 
periods so that, with the same breeding, the final mature wei^ 
of such chicks will be approximately the same as that of chick 
which grew faster at the sUrt, in which case later growth is 
relatively not so rapid. There is, however, also probably some 
level for the various nutrients below which one cannot safely 
feed because the resulting severe stunting can never be entirely 


overcome. 

Parker* showed that a variety of early handicaps, Including 
poisons, starvation, and high and low temperatures, failed to 
alter markedly the course of yolk absorption in baby chicks an 
also failed to produce permanent effects In body weights. 

Mayhevi^ reported that chickens severely Infected with cocci- 
diosis at 12 or 13 weeks of age do not recover their loss m 
weight; that Is, they do not become equal m weight to the con- 
trols during the following 9 to 10 weeks. 

Several workers*®"** concluded that retarding the growth of 
chicks resulted in a definite delaying of sexual maturity with 
\ariable effects upon body weight and egg production of the ma- 
ture birds. Retarding of growih and maturity did not appear to 
be a sound economic practice, but it could be followed if desired 


without fear of permanent tn}ury to the birds. 

There are many advantages of securing early rapid growth 
(which IS the normal condition), such as maintained vitality and 
body reserve, earlier broiler marketing, and sufficient weight 
of pullets at time of laying to produce good production and egg 
size. Titus and Jull* point out that, in the lots receiving skiro- 
milk (and growing rapidly early), the point of inflection of the 
growth curve occurred earlier than in the lots not receiving it 
This suggested to them that the more nearly a “perfect” con- 
dition of nutrition is approached, the more nearly will the whole 
of the growth curve approach the curve of diminishing incre- 
ment, which they believe most nearly to fit the growth data of 
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chickens developing normally. Hendricks, Jull, and TUus‘^ fur- 
ther suggest that the curve of diminishing increment may be of 
value in determining the suitability of a given feed for growth. 


FEED REQUIREMENTS 

An analysis of the bodies of chicks at various stages of growth 
will help to understand feed needs. The data In Table 21 are 
given by Halnan:*^^ 

TABLE 21. ANALYSIS OF CHICKS AT VARIOUS AGES 


Age in 

Ash, 

Protein, 

Energy. 

Weeks 

Grams 

Grams 

100 Calories 

1 

1.04 

6.9 

0.7 

3 

3.02 

17.2 

1.7 

7 

fl.53 

45.4 

3.4 

11 

17.3 

84.0 

6.2 

15 

4S.S 

223.5 

14.8 

20 

64.8 

282.8 

20.5 

24 

90.0 

336.0 

24.4 

28 

94.0 

376.0 

32.1 


AMOUNT OF FOOD. During the early stages, the rate of 
gtcvith ol the chick is Umttcd by Us capacity to consume food. 
Titus and Hcndricks“ conclude that if chicks arc fed at differ- 
ent levels of feed intake (with a complete ration) up to about one 
pound, the average live weight of the chicks in all the pens could 
be considered as a function of feed consumption alone. A pos- 
sible explanation of this is that the maintenance rcqulrcmenl of 
the young growing chick Is only a small fraction of the total 
amount of feed consumed. 

There Is probably little possibility of overfeeding a chick In 
its early stages of groulh If the ration is properly compounded. 
In order to gel maximum food consumption, it Is important to 
provide sufficient and proper feeding space. The Nutrition 
Council of the American Feed Manufacturers recommends the 
following feeding space as being satisfactory for 100 chicks: 

Ago in >kcci,B 

I day— 2>keck« 100 Jlncar tnehea 

3— ns linear Inches 

7 — 12 uccks 300 linear Inches 


The loUouing drinking space is buggcslcd; 
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1 day — 2 weeks 
3 — 12 weeks 


20 linear inches or two l-gallon fountains 
40 linear inches or two 3-galIon fountains 


From the results obtained in t-arious rearing experiments 
Axelsson‘® has calculated the total food requirements for main- 
tenance and growth of “light,” “medium,” and “heavy” chicks 
at different ages (Table 22). 


TABLE 22, FOOD REQUIREMENTS OF THE GROWING FOWL 
(POUNDS PER DAY PER 100 BIRDS) 


Month 

of 

Life 


Light Breeds 
Females Males 


1 4.4 4.7 

2 8.6 9.3 

3 12.6 13.8 

4 18.1 17,7 

5 18.2 20.3 

6 18.9 21.4 

7 18.6 21.0 

8 

9 


Medium Breeds 
Females Males 

4.7 4.9 

9.1 10.0 

14.2 15.6 

17.9 20.3 

21.0 23.5 

21.9 25 4 

22.4 26.1 

21.7 25.6 


Heavy Breeds 
Females Males 

4.9 5 1 

9.8 10.7 

15 4 16.8 

20 0 22-4 

24.0 26 3 

24.9 29.1 

27.5 30.5 

27.5 30.5 

26.6 29 6 


For additional information on the amount of food for young 
stock, see Chap. 19, “Economics of Feeding.” 

The best growth is induced by a ration having a balance of the 
essential nutrients. Any deficiency or defect in the diet which 
prevents normal development will also increase the variability 
in growth,*’ 

PROTEIN. It has been pointed out by various investigators 
that the protein requirements of different species of animals 
are more or less proportionate to the rate of growth. 

Bunge** also shows that the rate of growth is proportional to 
the protein in the natural food (milk), as indicated by the length 
of time required to double the initial weight (Table 23). 

It has also been pointed out by various authorities that the 
protein requirements of clucks are ’greater than the protein 
needs of laymg hens. The unabsorbed yolk material, present in 
the chick at the time of hatching, contains a large amount of 
protein. It has been stated that this ratio of protein to the other 
parts IS about 1:1.4. When we consider the wild birds, we note 
that the young are fed very largely on grubs and worms, which 
are primarily protein. 

Growth in chicks and the accompanymg protein requirements 
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TABLE 23. RELATION IN MAMMALS OF GROWTH RATE 
TO PROTEIN OF MILK 


Time lor Newborn 


Animal to Double 

Per Cent 

Nutritive 

Its Weight 

Protein 

Ratio 

Man 

180 days 

1.6 

1:8.6 

Horse 

60 

2.0 

1:4.2 

Cow 

47 

3.5 

1:3.6 

Goat 

22 

3.7 

1:3.6 

Sheep 

IS 

4.9 

1:3.4 

Hog 

14 

6.1 

1:3.0 

Dog 

0 

9 7 

L;2.5 

Rabbit 

6 

15.5 

1:1.5 


may be divided into three periods. The first period, calling for 
rapid growth and a high protein level, includes approximately 
the first 6 weeks. The second period, during which growth is 
less rapid and the protein level can be decreased, extends from 
the end of the first period to about 3 months. The third period, 
during which growth is further decelerated and the protein level 
can be again decreased to some extent, continues from the end 
of the second period until the end of the growing period. 

Funk‘® reports that when chicks were given free choice of 
food they selected a ration containing 18 to 19 per cent protein. 

Most of the experimental results*®**'’ indicate that the early 
rale of growth of chicks is increased as the protein level is in- 
creased to about 20 per cent, that lots receiving low-protein 
rations weigh less practically throughout, that mortality is usu- 
ally increased in the low-protein lots, and that the protein can 
be decreased in the later periods. Some reports indicate higher 
levels*'^ as being desirable or satisfactory from the standpoint 
of the health and well-being of the animal. Some trials** show 
that heavier breeds made more satisfactory gains when a higher 
level of protein was used. 

ing. and cannibalism developing in low-protein pens as early as 
the second and third week. Feather eating and pick-outs were 
also observed In low-protein pens at Cornell. Tomhave*® indi- 
cates a direct relationship between the number of bare-breasted 
birds and the level of protein. Gericke and Platt** indicated that 
feather development over the entire body showed a significant 
Increase in direct relation to the amount of protein in Uie ration 
(10.4 to 15.4 per cent), and the development of each feather tract 
was of the same order. Carver and associates*® and Zuzukl and 
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Hatano“ report no influence of the protein level upon the ^el- 
opment of liver, kidney, apleen, pancreas, heart, adrenal body, 
pituitary body, thymus gland, and testicles. ^ 

In work with experimental coccldiosis, Jones states ““ 
chickens on high-protein diets maintained their weight at a level 
neater that of their uninfected controls than chickens on a low- 
protein diet. High-prolein diets may thus be considered to fur- 
nish a reserve that prevents undue loss of weight as a result 
coccidial infection. Luttermoser and Allen” report that yoiwg 
chickens fed a diet containing 13 per cent protein and experi- 
mentally infected with the tapeworm (RailUettna ceslicillus) 
gained less weight than their uninfected controls throughout the 
duration of a 6-week period, whereas the young chickens fed a 
diet containing 26 per cent protein and infected with the same 
number of cysticerovds did not differ markedly in weight from 


their uninfected controls. . 

Titus” reported that chicks made the greatest gam per poun 
of feed when the diet contained 21 per cent protein. On the basis 
of this level, the 20 per cent protein ration showed an efficiency 
of 99.7 per cent; the 19 per cent protein ration, 98.7 per cent; 
the 18 per cent protein ration, 97.2 per cent; and the 17 per 
cent protein ration, 94.6 per cent. The rations containing less 
than 17 per cent protein decreased very rapidly in efficiency 
The level of protein intake, so long as it is not less than about 
13 per cent, has little effect on the maximum live weight ulti- 
mately attained. However, the lime required to reach the maxi- 
mum live weight is greatly increased as the level of protein in- 
take decreases from 21 to 13 per cent. 

The Delaware,** New Jersey,” and Washington” stations in- 
dicate that decreasing amounts of protein in the growing rations 
will meet the requirements which change with age 

Titus” concludes that even though the optimum level of pro- 
tein intake is, from the physiological standpoint, about 21 per 
cent, from the standpoint of economy it may be only 18 or 19 
per cent, because the efficiency of feed utilization for growth 
Is only slightly less at these levels. The difference in cost will 
be an important factor in determining the most economical level 
He has found it a good practice to feed a diet that contains 20 to 
21 per cent of protein until the chickens are about 12 weeks old 
and then gradually decrease the protein content to 16 or 17 per 
cent by the time the pullets are ready to lay. 

The results of all trials at Cornell** indicate that to obtain 
early rapid growth the ration should contain approximately 20 
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p6r csnt protfiin during the first montii* This aniount enn bG tg- 
duced 2 per cent for each succeeding month. The indications 
also are that the ration should never contain much less than 15 
per cent protein. 

AMINO ACID requirements. Some of the amino acids are 
essential and must be present in the ration. Others can be syn- 
thesized by the chick. The essential amino acids can be supplied 
in minimum amounts only when there are sufficient dispensable 
amino acids present so that the essential ones are not used for 
their synthesis. 

Considerable research has been reported concerning the quan- 
titative amino acid requirements*® of chickens. These require- 
ments may be summarized as follows: argiijine 1.2 per cent; 
glycine 1.0-1. 5 per cent; tsoleuclne 0.5 per cent; leucine 1.5 
per cent; lysine 0.67 to 1.0 per cent; methionine (with cystine 
present) 0.28 to 0.42 per cent; sulfur-bearing amino acids (me- 
thionine + cystine) 0.7 to 1.0 per cent; phenylalanine 1.6 per 
cent; threonine 0.45 to 0.6 per cent; tryptophan 0.18 to 0.5 per 
cent; valine 0,7 per cent. 

FAT, It is not necessary to include fat in the ration for 
chicks since they can utilize carbohydrates for fat formation. 
However, there is some evidence that certain unsaturated fatty 
acids are needed in the diet.*® Davis and Upp*® reported that 
chicks fed a fat-free ration grew somewhat more slowly than 
the chicks receiving fat, but that the slight difference was over- 
come by the time the pullets reached maturity. Russell, Taylor, 
and Polskin^^ reported that the growth rate of chicks to 14 weeks 
of age fed a low-fat diet (O.l per cent) was not significantly be- 
low that of chicks fed a normal ration (4.1 per cent fat). Chicks 
on the low-fat diet utilized crystalline carotene despite the very 
low level of fat intake. 

In studying the tolerance of growing chicks for soybean oil in 
their ration, Henderson and Irwin*’ found that the mean weight 
of chicks at 8 weeks did not vary significantly until the ration 
contained 10 per cent of oil, after which a significant decrease 
in weight was obtained. 

MINERALS. Calcium and phosphorus are the minerals of 
chief importance in chick rations. The result of research indi- 
cates that the minimum calcium requirement of chicks is 0.6 to 
0.7 per cent of the ration in the presence of sufficient vitamin D. 
The minimum requirement for phosphorus** is 0.6 per cent of 
which 0.4 should be in the inorganic form. There is some indi- 
cation that somewhat less is required for growth than for bone 
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calcification. The requirement also decreases somewhat with 
age. 

Furthermore, the evidence indicates that these elements 
should be present in a satisfactory ratio and that they have an 
interrelationship with vitamin D/* The calcium-phosphorus 
ratio of the blood and bones is about 2 of calcium to 1 of phos- 
phorus. In the chick ration it appears possible to extend this 
over a range of 1.0:1 to 2.5:1 without any striking upset in the 
normal blood picture or any marked retardation in growth. A 
ratio of about 1.5;1 seems preferable. 

There is little experimental evidence to show exactly what 
are the upper levels of calcium and phosphorus, beyond which 
it is unsafe to go. However, it would appear that 1.8 to 2.0 per 
cent of calcium and 0.9 to 1.0 per cent of phosphorus are prob- 
ably the maximum levels it is wise to use in chick rations. 

In order to prevent perosis, the ration should contain a mini- 
mum amount of 35 to 50 parts per million of manganese.'** For 
an average ration the addition of V 4 pound of manganese sul- 
phate per ton will supply this amount. 

The sodium and potassium requirements,** which vary with 
growth rale, have been reported as being 0.10-0.30 per cent 
for sodium and O.SS-O.-iO per cent for potassium. The require- 
ment for chloride is probably less than 0.6 per cent. 

The iodine requirement*’ has been reported between 30 and 
150 parts per billion; and the magnesium requirement** as 40 
milligrams per 100 grams of feed. 

Salt IS usually added to most chick rations One quarter to 
one-half per cent Is the most common recommendation 

VITAMINS. The vitamin A requirement*® of the chick ration 
has been reported as ranging from 150 to 350 International units 
of vitamin A per 100 grams of feed. The usual amounts of cod 
liver oil, 25 to 30 per cent of yellow corn, or green food will 
furnish this amount. 

The vitamin requirement* of chicks has been reported as 
being 130 to 150 micrograms per 100 grams of feed. If the ra- 
tion IS made up of 30 per cent cereals, sufficient thiamine will 
be supplied. 

If the birds are not exposed to direct sunshine, it will be nec- 
essary to feed them cod liver oil or some other vitamin D car- 
rier. Twenty to twenty-five units per 100 grams of feed ha%e 
been reported to prevent rickets, but approximately twice that 
amount arc needed to give satisfactory growth.** 

The amount of riboflavin needed by the chick will depend upon 
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its age.” The first two weeks it will be 300 to 350 micrograms 
per 100 grams of feed, which will decrease to 100 micrograms 
per 100 grams after 2 months of age. When fed a constant 
amount, chicks needed approximately 290 micrograms per 100 
grams of feed in order to attain normal weight at 8 weeks of 
age. Less riboflavin is needed to prevent curled-toe paralysis 
than for growth. 

The pantothenic acid requirement”"” of chicks has been re- 
ported as ranging from 500 to 550 micrograms of pantothenic 
acid per 100 grams of diet. Less is needed for the prevention 
of dermatosis than for maximum growth. Rhode Island Reds 
were found less susceptible to pantothenic acid deficiency than 
Leghorns. Usually there will not be a pantothenic acid defici- 
ency in practice since normal, commercial chick diets were 
shown to contain 1300 to 1700 micrograms of pantothenic acid 
per 100 grams. 

The amount of vitamin Be (pyridoxine)”" ” required by baby 
chicks has been variously reported as being 200 to 500 micro- 
grams per 100 grams of ration. 

Biotin has also been fovmd necessary in the chick ration to 
prevent a typical dermatitis and promote growth in chicks. 

Hegsted and coworkers*® report that the biotin requirement of 
the cl}ick is at least 7 to 10 micrograms per 100 grams of the 
ration. 

The choline*® requirement of diets for chicks has been re- 
ported as being 0.1 per cent. This amount, however, may be in- 
fluenced to some extent by the amount of methionine and betaine 
in the ration. 

The niacin®^ requirement of chicks has been reported as being 
8 to 13.5 milligrams per 100 grams. The variation can be ac- 
counted for in pari by the tryptophan in the diet since this amino 
acid can be converted to niacin. The requirement for older chicks 
is considerably lower.®^ 

The folic acid requirement of chicks as reported from Cornell” 
is Indicated as 2t micrograms per 100 grams of diet for survival, 
45 micrograms for growth and hemoglobin formation, and 55 mi- 
crograms for good feathering. 

The vitamin B 12 ** requirement of the chick has been variously 
reported as ranging from 0.15 to 2.7 micrograms per 100 grams 
of ration. This great variation can be largely accounted for by 
the store of vitamin B 12 in the chick at hatching. The higher 
values will apply to chicks hatched from eggs produced by hens 
on a diet deficient in vitamin B 12 . 
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Normal blood-clotting time** was obtained by adding 1 per 
cent ol alfalfa meal or 5 milligrams of menadione (vitamin K) 
per kilogram. 

Other vitamins have been reported as bemg essential for 
normal chick grouth, but information Is lacking concernmg 
quantitative requirements or the values of feeds m respect to 
them. 

FIBER. Because fiber is not digestible, it is usually felt that 
the fiber content of chick rations should not be too high, espe- 
cially since the bulk may decrease av'ailable food nutrients and 
particularly energy. Good results have been obtained with ra- 
tions containing widely varying amounts of fiber. As an example, 
the Oklahoma Station** reports no effect on the growth or health 
of the chicks, up to 20 weeks of age, that could be attributed to 
the amount of fiber in rations containing 3.84 to 10.29 of fiber. 
Feather picking was worse in the low-fiber lots. Increasing 
amounts of fiber results ui poorer gam and poorer efficiency of 
the feed. On the other hand, the Kentucky Station*^ concluded 
that maximum growth was obtained on rations containing ap- 
proximately 5 per cent or less fiber from any source 
Increasing the amount of such Ingredients** as oats, barley, 
wheat middlings, and wheat bran has depressed growth and effi- 
ciency of feed utilization. 

A requirement for chicks of 800 -650 calories of available 
energy per pound of diet has been reported.**'^* On the other 
hand. Hill and Dansky’* found that Red-Rock crossbred chicks 
grew well on a ration containing 510 calories. However, their 
feed Intake was greatly increased, and the greatest fat deposi- 
tion was obtained on the ration containing 985 calories per 
pound. U appears that the available energy requirement for 
growth can be stated to be about 850-1000 calories per pound 
STANDARDS. Until recently very little information was 
available concerning standards for requirements for young 
stock. The standard, as given by W p Wheeler of the New 
York (Geneva) Experiment Station, was an early attempt to indi- 
cate the digestible nutrients required per day for each 100 
pounds of live weight (Table 24). 

SUMMARY OF NUTRIENT REQUIREMENTS FOR CHICKS 

Having considered all the evidence to date, the Committee on 
Animal Nutrition of the National Research Council” suggests 
the amounts given in the table on page 362 as desirable standards 
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TABLE 24. WHEELER’S STANDARDS FOR RATIONS FOR CHICKS 



Total 

Dry 

Matter 

Ash 

Pro- 

tein 

Carbo- 

hy- 

drates 

Fats 

Fuel 

Value 

Nutri- 
, tive 
Ratio 

For the first two 

weeks 

10.1 

0.5 

2.0 

7.2 

0.4 

18.800 

1:4.1 

At 2 to 4 weeks of age 

9.6 

0.7 

2.2 

6.2 

0.5 

17,730 

1:3.4 

At 4 to 6 weeks of age 

8.6 

0.6 

2.0 

5.6 

0.4 

15,640 

1:3.3 

At 6 to 8 weeks of age 

7.4 

0.5 

1.6 

4.9 

0.4 

13.780 

1:3,7 

At 8 to 10 weeks of 
age 

6.4 

0.5 

1.2 

4.4 

0.3 

11,680 

1:4.3 

At 10 to 12 weeks of 
age 

5.4 

0.4 

1.0 

3,7 

0.3 

10,000 

1:4.4 


for the probable dietary requirements of growing chicks. The 
figures do not include margins of safety to compensate for pos- 
sible losses of vitamins during feed processing, transportation, 
and storage and for variations in feed composition and in envi- 
ronment. In earlier reports the National Research Council sug- 
gested allowances which Included margins of safety of 66 per 
cent for vitamin A, 50 per cent for vitamin D, and 20 per cent 
for the water-soluble vitamins. 

THE RATION 

The successful rations are made up of a combination of ce- 
reals and animal protein concentrates. Quality of protein is 
supplied by the use of milk, meat scraps, fish products, and 
soybean oil meal. 

For chick growth and well-being, the ration must supply the 
necessary vitamins. Vitamin A is supplied mainly in the yellow 
corn and alfalfa meal, and in fish oil when fed. Vitamin B oc- 
curs in the various cereals. Vitamin D is provided by iish oils 
and activated animal sterol, or exposure to sunshine. Riboflavin 
Is furnished by milk products and fermentation by-products. 
Vitamin Bi 2 is supplied by feeds of animal origin and fermen- 
tation by-products. 

Calcium and phosphorus are the minerals needed in largest 
amounts. Where reasonable amounts of animal protein feeds 
are used, sufficient phosphorus is present. Calcium, however, 
is usually low and is provided by adding some calcium carrier 
such as pulverized limestone or oyslershells. 

Those feeds which are processed the least and which repre- 
sent more nearly the whole product are safest to use. The feed 
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REQUIREMENTS* OF YOUNG CHICKENS 


Total protein, % 

Vitamins 

Vitamin A activity (U.S.P. unils)t 
Vitamin D, (I.C.U.)t 
Thiamine chloride hydrochloride, mg. 
Riboflavin, mg 
Pantothenic acid, mg. 

Niacin, mg. 

Pyridoxine, mg. 

Biotin, mg. 

Choline chloride, mg. 

Folacin, mg. 

Minerals 
Calcium, per cent 
Phosphorus, per cents 
Salt, per cent [| 

Potassium, per cent 
Manganese, mg. 

Iodine, mg. 

Magnesium, mg. 

Ammo acids, % 

Argmme 

Lysine 

Histidine 

Methionine 

Methionines 

Cystme 

Tryptophan 

Glycine** 

Phenylalanine 

or 

Phenylalamnett 

Tyrosme 

Leucine 

Isoleucine 

Threonine 

Valme 


Starting 
Chickens, 
0—8 weeks 
20 

1200 

90 

0.8 

1.3 

4.2 
12.0 

1.3 
0.04 

600 

0.25 

1 0 
0 6 

0 5 
0.2 

25 

0.5 

220 

1 2 
0.9 
0 15 
0 8 

0.45 

0 35 
0 2 

1 0 
1.6 

0.9 

0 7 

1 4 
0 6 
0 6 
0 8 


Growing 
Chickens, 
8-18 weeks 
16 

1200 

90 

7 

0.8 

4.2 

? 

? 

? 

? 

? 

1 0 
0 6 
0.5 
0 16 
7 

0 2 
? 


•In percentage or amount per pound of feed 

t May be fish oil vitamin A or pro-vitamln A from vegetable sources 
tlntemational chick units. 

5 At least 0.45 per cent of the total feed of starting chickens should 
be inorganic phosphorus. All Ibe piwspimrus of non-vegetable feed in- 
gredients is considered to be inorganic Approximately 30 per cent of 
the phosphorus of vegetable products Is nonphytln phosphorus and may 
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must not be too bulky, or the actual food intake will be re- 
stricted, depressing growth. 

It is not necessary to use very complex rations for satisfac- 
tory results.’” On the other hand, it is not safe to restrict the 
ration to too few feeds. The Nebraska Experiment Station’^ re- 
ports a significantly greater rate of gain in weight and retention 
of nitrogen, calcium, and phosphorus on a mixed concentrate 
consisting of meat scraps, fish meal, and dried buttermilk than 
on a single supplement of meat scraps. 

To meet the requirements for chick rations the suggested 
formula patterns are tabulated on the next page. 

FEEDING MANAGEMENT 

TIME OF FIRST FEED. When should chicks receive their 
first feed? It was noted early that the chick absorbed the unused 
yolk just before hatching time. The unused part of the egg, as 
reported by Tangl,’* represents 48 per cent of the original en- 
ergy in the egg. It is found largely in the abdomen of the chick 
and is absorbed during the early days of life. This energy-ls 
sufficient to maintain the body temperature of chicks for 72 


be considered as part of the inorganic phosphorus required. A portion 
of the phosphorus requirement of growing chickens must also bo sup- 
plied in Inorganic form. For these birds the requirement for inorganic 
phosphorus is lower and not as well defined as m the case of starting 
chickens. 

11 This figure represents added salt or sodium chloride added as 
such or m marine or fermentation products of high sodium chloride 
content. 

II Cystine will replace methionine as long as the ration contains not 
less than 0.45 per cent methionine. 

••The chick can synthesize glycine, but the synthesis does not pro- 
ceed at a rate sufficient for maximum growth. 

tt Tyrosine will replace phenylalanine as long as the ration con- 
tains not less than 0,9 per cent phenylalanine. 


TENTATIVE REQUIREMENTS FOR CERTAIN VITAMINS 
AND MINERALS. O-'B WEEKS 


mg. per lb. 


Vitamin 0.004 

Vitamin K 0.18 

Iron 9.0 

Copper 0.9 
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hours or more. It was, therefore, believed that chicks should 
not be fed before this time, since the introduction of food would 
prevent or delay the absorption of the yolk and cause trouble by 
overloading the digestive system. However, it was shown later 
that the assimilation of the yolk is a fairly stable and regular ^ 
process from day to day, influenced only slightly by feeding. ’ 
The next question is whether there is any advantage in feeding 
early or late. The yolk is not largely absorbed until the chicks 

RECOMMENDED FORMULA PATTERNS FOR CHICK MASHES 


Ingredients 

Starter 

(a)t-masb) 

Growers (wath grain) 
Confinement Pasture 

High-energy grain products (corn, 
wheat, wheat red dog flour, milo, 
oatmeal) 

lb,/ton 

900 •» 

lb. /ton 

700 + 

Ib./ton 

500 ^ 

Medium- and low-energy gram 
products (oats, barley, wheat 
flour mid^mgs, standard raid- 
dlmgs, bran) 

0-400 

o-eoo 

0-800 

Vegetable proteins (so) bean meal, 
corn gluten meal, peanut meal) 

300-400 

350-450 

400-500 

Animal proteins; minimum levels 
(fish meal, fish solubles, meat 
scraps) 

SO-100 

50-100 

_ 

Other B-vitamin carriers (dried 
milk products, dried yeast, 
dried distillers' solubles, fer- 
mentation solubles) 

100 

100 


Dehydrated alfalfa meal 

50-100 

100 

— 

Additional riboflavin* (if needed) 

* 

- 

— - 

Additional vitamin B|j* (if need^ 



— . 

Additional vitamin A* (if needed) 

* 

♦ 

— 

Vitamin Dj (feeding oils or D- 
acliv'atcd animal sterols) 





Calcium and phosphorus supple- 
ments (steamed bone meal, di- 
calcium phosphate, defluor- 
inated phosphate, limestone) 

30-50 

60-80 

80-100 

Salt 

5 

10 

20 

Manganese sulfate (65% feeding 
grade) 

0 4 

0 S 

0 5 

Antibiotic feed supplement 

+ 


* 


• Refers lo the use of ribonavui supplements, vitamin B ,2 supple- 
ments, and vitamin A sources of guaranteed vitamin content or other 
vitamin-rich feedsluffs uhen the formula is otherwise deficient to an> 
of these nutrients 
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REQUIRED COMPOSITION OF CHICK MASHES 


Nutrient 

Starter 

(all-mash) 

Growers (with grain) 
Confinement Pasture 

Protein, % 

20 

20 

20 

Calcium, % 

1-1.4 

1.5-2* 

1.5-2* 

Phosphorus 

Total % 

0.6 

0.9 

0.9 

Available % 

0.4 

0.7 

0.7 

Vitamin A.t l.U./lb. 

2000 

4000 

— 

Vitamin D.l.C.U. /lb. 

135 

270 

— 

Riboflavin, mg. /lb. 

1.6 

1.3 

— 

Vitamin Bi 2 ,t mg. /lb. 

1.5-2 

1.5-2 

— 


•Free choice feeding of oystersheU or other calcium supplement 
recommended since this level of calcium will not meet full require- 
ments. 

tif corn constitutes half of scratch gram mixture for growing 
chicks the level of vitamin A in the mash can be reduced by 1000 l.U./ 
lb. 

tRefers to vitamin supplied by fish products, meat scrap and 
vitamin Bij supplements. 

are about a week old. Deaths from starvation begin in about 5 
days. It has been shown by many workers®’ that early feed- 
ing is not harmful. Some of these tests Indicate that early mor- 
tality is greater in the lots where feed is withheld, the rate of 
mortality increasing as feeding time is delayed. Later mortal- 
ity does not seem to be affected. Too great periods of starvation 
will cause the chicks to pick up Utter to satisfy the hunger crav- 
ing, with resultant impaction in the crop. 

It is probably safe to say that the chicks can have food as soon 
as they want it, a problem of feeding not to be confused with 
brooding management. For example, some authorities recom- 
mend removing chicks from the incubator and confining them in 
chick boxes for 24 hours or more, not to keep the chicks from 
eating but to insure against their getting chilled or overheated 
during this critical period. If the chicks are placed in the 
brooder houses, they should be kept near the hover and should 
have feed and drink available. Frequently milk is given as a 
drink for the first day or two. It serves both as drink and food. 

In general, it would seem that chicks may be fed as soon after 
hatching as they care to eat, with no harmful results upon weight 
or mortality. Furthermore, it is well to feed them not later than 
36 to 48 hours after hatching.” The fact that chicks will go for 
much longer periods before receiving their first feed should be 
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looked upon as a fortunate curcumstance, which permits shipping 
chicks long distances, rather than as the correct time to feed 
them. 

FEEDING METHODS. During recent years there has been a 
general tendency to feed chicks all-mash rations. They are also 
fed grain-mash rations and modified rations, in which the all- 
mash is used as a startmg mash and later grain is fed. About 
equally favorable results can be obtained from grain-mash ra- 
tions, all-mash rations, and modifications of the two systems, 
if the nutrients are properly provided (Table 25). 

TABLE 25. GROWTH OF CHICKENS BY DIFFERENT METHODS 
OF FEEDING AND RESULTING PRODUCTION DURING 
THE FIRST LAYING YEAR 
(CORNELL EXPERIMENT STATION) 



Lot 1 

Lot 2 

Lot 3 


All Mash to 

8 Weeks. 
Grain and 
Mash After 

Gram and 
Mash from 

All Mash to 


8 Weeks 

the Start 

26 Weeks 

Av. wt. of pullets 

4 weeks 

178 grams 

162 grams 

177 grams 

8 

496 

463 

492 

12 

777 

784 

782 

24 

1526 

1519 

149S 

Feed per bird to 26 weeks 

23 4 1b 

23.1 lb. 

23.8 lb 

Date of first egg 

Aug 31 

Aug 30 

Aug 19 

Eggs: Aug 



0.2 

Sept 

3 0 

3 5 

2 4 

to Oct. 6 

1 2 

1 7 

1.0 






4 2 

5 2 

3.6 


Pullets were placed 
graln-mash radon. 
Number at start 
Died during jcar 
Culled during year 
Completed year 
A\erage lirst year egg 
production 


laying bouses at 26 v.eeks and put on a 


32 44 49 

7 (22?) 10 (23?) 8 (16?) 

4 2 1 

21 (66%t 32 (73?) 40 {82%) 

231 225 233 


it? ^ ration as Lot 1 For 6 to 

^ (5^ meat scrap being 

th ^ S% meat scrap were fed All 

rcceUed the Cornell Laying RaUpn after 26 weeks. 
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As already indicated, the growth of the chick varies with age. 
During the early periods, when growth is rapid, there is a 
greater requirement for protein, minerals, and vitamins. Ex- 
cesses may or may not be detrimental but are usually not eco- 
nomical. Therefore, when all-mash or grain-mash rations are 
fed, it is desirable, if not necessary, to have two or three dif- 
ferent mixtures to cover the growing period. 

The modified system, such as the Cornell ration, permits a 
single mixture for both a starting and growing mash. The mash 
is fed as an all-mash ration for about 4 to 8 weeks. At that 
time grain is introduced and is consumed by the birds in in- 
creasing quantities, thus automatically reducing the protein of 
the ration in the later periods. 

FEEDING GROWING PULLETS. The pullets must not suffer 
any setbacks during the summer. Some of the things to be 
watched are the green food supply, water, and amounts of grain 
consumed. They must have an adequate and complete ration at 
all times. 

FEEDING COCKERELS. Cockerels that are kept for future 
breeders should be given exactly the same care and attention as 
the pullets. Put them on a separate range, where they will get 
the same opportunities for range and outdoor conditions, the 
same feeds, and the same methods as the pullets. 

FEEDING BROILERS. The terms “broiler” and “fryer” 
are now used synonymously and refer to a 10- to 12-week old 
chicken weighing 3 to 4 pounds (Table 26). In broiler production 
it is necessary to take advantage of the early rapid growth of 

TABLE 26. GROWTH RATE AND FEED CONSUMPTION OF HEAVY 
BREED BROILERS AT CORNELL UNIVERSITY 


Age in Average Weighl. 

Weeks lb 


1 

2 

3 

•1 

G 

7 

8 
9 

10 

12 


.19 

.37 

.60 

.91 

1.23 

1.61 

2.01 

2.44 

2.87 

3.29 

3.99 


Total Feed 
Consumed, 
lb 
.17 
.50 
99 
1.G8 
2.52 
3.50 
1.63 
5.78 
7.22 
8.G6 
11.90 
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chicks. This produces tender meat and efficient feed utilization. 

Rapid growth can best be obtained on rations containing higher 
levels of protein.'"’ Most of the experimental results indicate a 
level of 20-21% of protein as being satisfactory. Almquist and 
Asmundson** report that Single Comb Ahile Leghorn cockerels 
grew more rapidly during the first week on a 30 per cent protein 
mash, as compared with a 20 per cent mash, and maintained 
their advantage in weight up to 8 weeks of age. Receipts over 
feed cost per bird were increased by starting the broilers on 
the higb-protein mash when the high-protein mash was fed for 
not more than 4 weeks. Other reports,*^ however, show no ad- 
vantage of starting chicks on high-protein diets provided they 
contain all the necessary amino acids, vitamins, and other nu- 
trients in sufficient amount and in proper balance. 

Antibiotics have been shown to stimulate early growth and to 
Improve feed efficiency. The growth response of supplementary 
methionine” has been variable, but it has generally improved 
feed efficiency. The various nutrients as indicated for growth 
must also be supplied. 

Since the efficiency of a ration is related to its energy value, 
emphasis has been placed on high-energy rations for boiler 
pri^uctlon. Hence the ration must be made up of cereal grains 
and grain products of high-productive energy value. High-energy 
rations will produce birds with a high-quality carcass carrying 
a sufficiently high-fat content for good finish and pigmentation 
High-energy rations have also been reported as producing birds 
that will lose less weight in transit to market ” High-energy 
ration fed stock has also yielded higher weight returns in cooked 
form with both the fast- and the slow-cooking methods.** 

All-mash rations are generally used for broilers. However, 
it is possible to feed some grain with these rations during the 
final 2 or 3 weeks of the broiler production period The Arkan- 
sas Station” reported the best gains for broilers where the 
starter mash was fed throughout a period of 12 weeks but where 
the chicks had access to a scratch ration of whole wheat and 
medium corn chops during the last 6 weeks. 

The use of artificial illumination to provide a 14-hour day and 
the feeding of wet mash or pellets are means of speeding up 
growth by increasing food consumption. 

Since appearance is an important consideration in marketing 
broilers, it is advisable to include feeds in the broiler rations 
which will produce deeper pigmentation, such as yellow com. 
corn gluten meal, and alfalfa meal. 
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Cod liver oil should not be used in the broiler ration the last 
2 weeks before marketing, as the flesh might be tainted with a 
fishy odor or taste. 

To meet the requirements for broiler rations the tabulated 
formula patterns are suggested on p. 370. 

COCCIDIOSIS RATION. A common former recommendation 
for the treatment of coccidiosis was the so-called milk flush. 

The milk-sugar, changing to acid in the chicks’ intestines, and 
the excessive amount of water consumed seemed to clear the 
chicks’ digestive tracts quite effectively. 

At the present time coccidiosis is more commonly controlled 
by the means of sulfa drugs which are fed both prophylactically 
and therapeutically. 

FALL MANAGEMENT OF PULLETS. Pullets should be well 
developed in body before they start to lay. It is important that 
pullets be in good condition with a surplus of body fat when they 
commence to lay if they are to withstand the demands of heavy 
laying. To do this a common practice is to feed heavily on grain 
in the fall. It is a mistake, however, to feed pullets wholly on 
grain as they approach maturity unless special adjustment has 
been made, for this slows up complete development. Mash 
should always be fed along with scratch grain, as the mash is 
more complete in protein, minerals, and vitamins than the 
scratch grain. The combination of the two furnishes the birds 
a more complete assortment of food elements at the time they 
are finishing their development. 

Some pouitrymen have a very definite impression that the 
time at which the birds begin to lay can be decidedly regulated 
by the amount of protein, and particularly animal protein, fur- 
nished to the pullets the last month or 6 weeks, and in come 
cases only 2 or 3 weeks, before those birds come into produc- 
tion. It is doubtful whether one can influence the age of sexual 
maturity of pullets unless one feeds below the necessary amount 
of protein, in which case growth is delayed. 

Results at Washington”^ indicate that the higher protein levels 
affect the rate of sexual maturity. The difference between the 
extremes was about 40 days. The slower-maturing pullets on 
the low-protein levels also laid the larger eggs. This is prob- 
ably true because egg size is closely correlated with age. On 
the other hand, a number of stations*^"*^' indicate that 

liberal protein feeding during growth did not materially affect 
age of sexual maturity. The Oklahoma Station” states that more 
time is required to reach sexual maturity with rations under 16 



370 FEEDING POULTRY 


RECOMMENDED FORilULA PATTERNS FOR BROILER MASHES 


Ingredients 


Broiler All-Masb Mash-Gram* 
Starter, grower. grower 

UxAod IhAoa Jh.^oD 


High energy grain products (com. 

wheat, red dog flour, milo) 

Medium energy grain products (oats. 

barley, wheat flour middlings) 
Vegetable proteins (soj-bean meal. 

com gluten meal, peanut meal) 
Animal proteins: minimum levels 
(fish meal, fish solubles, meat 
scraps) 

Other B-vilamin carriers (Dried 
milk products, distillers’ dried 
solubles. fermenutloQ solubles, 
dried yeast) 

Allalla meal (minimum 17% protein) 
{Additional riboflavin (if needed) 
{Additional viUmin Bu (if need^} 
{Adxiitioaal vitamin A (if needed) 
Vitamin Dj (feeding oils or D>acliv- 
ated animal sterols) 

Calcium and phosphorus supple- 
ments (steamed bonemeat, dical- 
eium phosphate, defluorinated 
phosphate, limestone) 

Salt 

Manganese sulfate (70% feeding 
grade) 

Antibiotic feed supplement 
Required nutrient levels of mash 
mixtures: S 
Protein, % 

Calcium, % 

Phosphorus, total % 

Phosphorus, available % 

Vitamin A, USp unitsAb. 

Vi tam in D, I.C.U.Ab, 

Riboflavin. mg/Uj. 

Vitamin Bu, wg/lb. 

Niacm, m^lb. 

Pantothenic acid, mgAb. 
Productive energy, calAb 


900 + 1000 + 

0-300t 0-300t 

400-550 300-450 


50-100 50-100 


100 50 

50 50 


20-60 30-60 

5 S 

0 5 0.5 


V3 17.5 

1-J 4t 1-1 4t 

0 6-0.8t 0.6-0 8t 

0 4 0.4 

2000 2000 

135 135 

1 6 1.6 

2 2 

12 ? 

•4.5 ? 

830 900 


900 + 
0-300t 
400-550 

50-100 

100 

50 


30-60 

10 


21 

1 6-2 Of 
0 9-1 It 
0 7 
4000 
270 
2 7 


? 

? 

800 


• Formulated for use with feeding rates 60% mash and 40% gram 
t Hi^er figure is maximum recommended level 
{ Refers to the use of riboflavin supplements, vitamin B,» supple- 
ments, and vitamin A scurces of guaranteed vitamm content or other 
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per cent protein but that there is no difference in weight at ma- 
turity (10 months of age). Results at the Iowa Station®® suggest 
that egg weight may be dependent on size or capacity of body or 
oviduct instead of body weight. In that event the most rapid at- 
tainment of maximum egg size by pullets in the autumn might 
be expected from rations which stimulate rapid growth of body 
framework, and hence “fattening” rations may delay the attain- 
ment of maximum egg size. 

If the age at which birds come into production is to be influ- 
enced to any extent, it can be done only by reducing the protein 
2 months or more before the birds begin to lay, in which case 
growth will be materially delayed. This is a questionable prac- 
tice. 

It is not advisable to “hold back” pullets in the fall. Early 
laying is an inherited factor controlled primarily by breeding. 
Time of laying can be influenced only a few weeks by feeding. 

The best all-round results are obtained when the birds are so 
managed that they can be kept growing continually and come into 
production normally. 

In general, one can say that a considerable range in the pro- 
tein level of the growing ration is possible and still obtain satis- 
factory growth. Egg size is related to some extent to body weight 
but to a greater degree to age of sexual maturity. With a suffi- 
ciency of the various nutritive factors, higher protein rations 
are not harmful and are to be preferred to low-protein rations 
which will retard growth. Since both breeding and feeding have 
an influence upon growth, sexual maturity, and egg size, it is 
necessary to consider the effect of both and to synchronize the 
breeding and feeding factors. For example, birds that have been 
bred to lay at 5 months should be fed to produce body growth as 
rapidly as possible in order to have them ready to lay at that 
lime, rather than to try to hold back their development in the 
hope that sexual maturity can be delayed. 

For those pullets that are still immature, owing to late hatch- 
ing, slow development, or unfavorable rearing, the growing ra- 
tions will need to be continued. It might even be necessary to 
introduce wet mashes or other measures to increase food con- 
sumption, If the short days still find them unprepared for pro- 

vilamln-rlch fccdstuffs when the formula is otherwise deficient in any 
of these nutrients. 

S Estimates of required nutrient levels are based largely on the 
recommendations of the National Ilcscarch Council Committee on 
Animal Nutrition. 



372 


FEEDING POULTRY 


duction, the days can well be lengthened by the use of artificial 
illumination. 

CONFINEMENT AND BATTERY REARING. Where the chicks 
are reared in confinement and in batteries, it is especially es- 
sential that the ration be complete and correct in all respects 
since the chicks must depend entirely upon the feed given them. 
Chicks on range can succeed on rations that are not complete 
since they can supplement them with sunshine, green plant ma- 
terial. and other protective and nutritious substances. 

CHICK RATIONS 

It IS possible to formulate many chick rations that will meet 
the requirements and hence be satisfactory. A number of rec- 
ommended rations for growing chickens will be foimd in the 
Appendix. (See page 528.) 
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CHAPTER 13 


FEEDING AND MANAGEMENT 
FOR EGG PRODUCTION 


Considerable variation is found in the rations that are used 
for egg production and tlie methods of feeding them. However, 
there are certain requirements that are met by all successful 
rations. Even though many apparent changes in feeding prac- 
tices have occurred during the past few years, the principles 
have not changed to any extent.* 


FEED REQUIREMENTS FOR EGG PRODUCTION 

The amount of feed required by fowls is dependent upon the 
size of the bird, the number of eggs laid, the size of the eggs, 
increase in weight, and variations in maintenance needs, as in- 
fluenced by activity, temperature, and the like. 

PROTEIN. Satisfactory production cannot be obtained unless 
additional protein, besides that found in grains, is supplied.^ 

Hainan® made the accompanying estimates of the protein and 
energy requirements of a laying hen. 

Hens in production require a continuous supply of protein 
since the nitrogen required for egg production is largely, if not 

FOR GROWTH AND MAINTENANCE (PULLETS) 

PER BIRD PER DAY 


Weight of Bird 

Digestible Protein 

Starch Equivalent 

(in lb.) 

(in grams) 

(in grams) 

3 

6.5 

51 7 

4 

7.4 

58.1 

S 

8 3 

64.1 

6 

9.2 

69 7 

7 

10.1 

75.0 

8 

11.0 

80 0 


For the Production of a 2-oz.* Egg 
15 0 


• (28.35 grams = 1 oz.) 


40 0 
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entirely, draym Irom the food.* An Insufficient P‘'°' 

teln will result In decreased egg production, lower body weigh , 
and smauer egg size. A shortage of albumin “ 
been reported as resulting in pickouts which ceased directly 

after albumin had been fed.* thPir own 

Where birds were given the opportunity of balancing 
ration,'’’ some birds laid weU and gained on a 12 to 13 per c 
protein level while others wanted or required a higher leve . 
Non-laying birds thrived and prepared to lay on an 11 per cent 
protein ration. In general, egg production was m accortonce 
with the protein level, but the highest levels were not always 


the most economical. 

Experimental results**'* generally show that a ration con- 
taining 12 per cent protein was not sufficient for satisfactory 
egg production, body weight, or egg size; that the 14 per cent 
protein ration gave satisfactory egg production but did not main- 
tain body weight at aU times and was not conducive to best egg 
size: that the 16 per cent protein ration was satisfactory m all 
respects. 

Workers in the United SUtes Department of Agriculture re- 
port that Increasing the percenUge of protein in the diet, within 
the limits of 11.2 per cent and 23.6 per cent by the use of pro- 
tein supplements of different origin, augmented egg production 
(1) by Increasing intensity of production, (2) by increasing egg 
weight through direct effect on yolk weight, and (3) indirectly by 
increasing body weight and yolk weight, thereby increasing al- 
bumen weight. Increasing the protein level, within the limits 
stated, increased the quantity of egg produced per unit wei^t o 
feed eaten. Increasing the protein content decreased the effici- 
ency of protein for egg production. 

In studying the relationship of ruptured yolk to fowl paralysis. 
Moore'’ reports that results over a period of 3 years indicate 
higher mortality from a flock receiving a 13.5 per cent protein 
ration than from one receiving an 18.5 per cent protein diet. 
Bronkhorst'* reports higher mortality due to prolapse from 
pullets on a basal mash containing 10 per cent of meat meal 
than from pullets fed mixtures containing 15 and 20 per cent of 
meat meal. Prolapse was frequently followed by cannibalism 
and did not appear to be influenced by egg size, egg yield, or 
age at sexual maturity. 

Byerly'* suggests, as a result of food requirement studies, 
that possibly smaller birds require a higher percentage of crude 
protein in the diet than larger birds, for the same degree of pro " 
duclion. 
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The question might arise concerning a possibility of feeding 
an excess of protein. The Western Washington Station^ states 
that all-mash rations containing 30 per cent of a protein con- 
centrate did not produce a high percentage of organic trouble. 

It would appear from this, as well as from the experience of 
others, that hens can tolerate a fairly high protein ration if 
other conditions are favorable. 

As a general summary, it would seem that in order to pro- 
mote satisfactory production, maintain body weight, and secure 
good egg size, the ration should contain 15 to 16 per cent of 
protein. Part of this should come from animal source. If the 
birds are on good range, favorable results can be obtained with 
a lower amount of protein in the ration, 

AMINO ACID REQUIREMENTS.^^ The requirements of some 
of the essential amino acids for laying hens have been reported 
as follows: tryptophan, 0.15 per cent; lysine, 0 52 per cent; 
leucine, 1.35 per cent; sulfur-bearing amino acids, 0.53 to 0.63 
per cent with a minimum of 0.28 per cent for methionine. 

FAT. It has been shown that fat, as such, in the diet is not 
essential since it can be synthesized from the carbohydrates of 
the ration. Russell and coworkers” concluded that the reduction 
of the fat content of the ration to 1.56 per cent of fat was not del- 
eterious to the performance of laying and breeding flocks. Al- 
though the hen on a low-fat ration was not able to absorb carotene 
as efficiently as on a normal ration, vitamin A was absorbed 
equally well on a'normal or on a low-fat ration. 

Heywang and Titus” found no difference in egg production, 
yolk weight, or live weight between pullets being fed a diet of 
low fat content and pullets being fed diets containing 4 per cent 
of coconut oil, palm oil, peanut oil, cottonseed oil, soybean oil, 
or hempseed oil. Heywang^^ reported slightly lowered egg pro- 
duction from pullets receiving 8 per cent of corn oil in their 
diet. The pullets receiving 2, 4, or 8 per cent of corn oil in 
their diet maintained a heavier average weight than those re- 
ceiving the basal diet of low fat content. No statistically signifi- 
cant differences in hatchabillly that could be attributed to the 
differences in fat content of the diets were observed. 

MINERALS. Calcium and phosphorus” are the two minerals 
needed in largest amounts. Both egg production and shell strength 
are decreased by deficiencies of calcium and vitamin D. Experi- 
ments at Cornell indicated 1.65 per cent of calcium as being suf- 
ilclenl. The minimum phosphorus requirement is 0.6 per cent of 
which 0.4 to 0.45 per cent should be inorganic. 
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The manganese*® requirement for egg production is very low. 
More is required for hatchabillty. Forty to fifty parts per mil- 
lion of the feed will satisfy both needs. 

VITAMINS. From the results reported on vitamin A re- 
quirements it would appear that a ration containing a minimum 
of 2000 to 2250 International units of vitamin A per pound will 
give normal results. A ration containing 35 per cent of yellow 
corn and 2V2 per cent of alfalfa will supply this amount. 

If the birds do not get the benefit of direct sunshine, it will be 
necessary to supply vitamin D in the ration. About 250 Interna- 
tional units of vitamin D per pound of feed are essential. It 
can be furnished by the use of fish oils or activated animal 
sterols. 

The riboflavin^ requirement for layers is relatively low, be- 
ing less than 130 micrograms per 100 grams of feed. The 
amounts found in ordinary rations seem to be sufficient. How- 
ever, higher levels*® appear to be required for hens in batteries. 

The pantothenic acld*‘ requirement for hens for satisfactory 
egg production and weight maintenance is not more than 150 ml- 
crograms per 100 grams of ration. 

The folic acid** requirement for egg production is not as 
large as that for hatchability. It appears to be approximately 25 
micrograms per 100 grams ol ration. 

The pyridoxine** requirement for laying hens has been re- 
ported as being 2 milligrams per kilogram of ration. 

FIBER. Not much is known of the optimum fiber content of 
the ration. However, it is known that very little fiber, if any. is 
digested by poultry. Hence it is desirable that the amount be 
restricted. Also high fiber rations are lower in energy Pro- 
duction does not appear to be influenced by some increase m 
fiber, probably because of an increase in feed consumption 
The weight of birds, however, might be affected. Bird and Whit- 
son*® reported that a level of 5.89 per cent of fiber in a laying 
mash exerted a detrimental effect on efficiency of feed utiliza- 
tion but not on egg production High efficiency rations are fa- 
vored for layers Hill*® places the energy requirement at 900 
calories per pound. 

DIETARY REQUIREMENTS 

As a summary of all evidence to date, the dietary require- 
ments or standards for layers are indicated by the Committee 
on Animal Nutrition of the National Research Council"” as given 
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REQUIREMENTS* OF LAYING HENS 


Total protein, % 

15 

Vitamins 

Vitamin A activity (U.S.P. unUs)t 

iSUUU 

Vitamin D (I.C.U.)t 

225 

Riboflavin, mg. 

1.0 

Pantothenic acid, mg. 

2.1 

Pyridoxine. mg. 

1.3 

0.11 

Folacin, mg. 

Minerals _ 

Calcium, % 


Phosphorus, %I| 

0.6 

Salt, 

0.5 

Iodine, mg. 

0.2 

Amino acids, % 

Lysine 


Methionine 

0.53 

or 

Methionine** 

0.2S 

Cystine 

0.25 

TrjTitophan 

0.15 


•In percentage or amount per pound of feed. 

tMay be fish oil vitamin A or pro-vitamin A from vegetable 
sources, 

t International chick units. 

SThis amount of calcium need not be incorporated in the mixed 
feed inasmuch as calcium supplements fed free choice are considered 
as part of the ration. 

11 A portion of the phosphorus requirement must be supplied in in- 
organic form. All the phosphorus of nonvegetable feed ingredients is 
considered to be inorganic. Approxlmalcly 30 por cent of the phosphorus 
of vegetable products is nonph;^in phosphorus and may be considered as 
part of the inorganic phosphorus required. 

H This figure represents added salt or sodium chloride added as 
such or in marine or fermentation products of high sodium chloride 
content. 

••Cystine will replace methionine as long as the ration contains 
not less than 0.28 per cent methionine. 

In the accompanying tabulation. The figures do not include 
margins ol safety to compensate for possible losses of vita- 
mins during feed processing, transportation, and storage and 
for variations In feed composition and environment. In earlier 
reports the National Research Council suggested allowances 
which included margins of safety of 66 per cent for vitamin A, 
50 per cent for vitamin O, and 20 per cent for the water-soluble 
vitamins. 

To meet the requirements for a laying ration, the tabulated 
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formula pattern is suggested for a laying mash (to be fed with 
grain). 

AMOUNT OF FEED. Besides having a proper proportion or 
balance of nutrients, it is essential that the birds consume 
enough food. Mature fowls (not laying) eat less in proportion to 
live weight than younger fowls (not laying). Larger animals will 

RECOMMEKDED FORMULA PATTERN FOR LAYING MASH 


High-energy grain products (com. wheat, wheat red dog 
flour, milo, oatmeal) 

Medium- and low-energy gram products (oats, barley, 
wheat flour middlings, standard middlings, bran) 

Vegetable proteins (soybean meal, corn gluten meal. i 
peanut meal) | 

Animal proteinsj (fish meal, fish solubles, meat scraps) J 
Dehydrated alfalfa meal 
Additional riboflavin* (if needed) 

Additional vitamm A* (if needed) 

Vitamin Dj ((ceding oils or D-activated animal sterols) 

Calcium and phosphorus supplements (steamed bonemeal. 

dicalcium phosphate, defluorinated phosphate, limestone) 

Salt 

Manganese sulfate (65% feeding grade) 

* Refers to the use of riboflavin supplements and vitamin A sources 
of guaranteed vitamin content or other vitamin-rich feedstuffs when the 
formula is otherwise deficient in any of these nutrients. 


lb /ton 
500 + 
0-800 
400-500 
100-150 
+ 

100 
20 
0 5 


REQUIRED COMPOSITION 


Protein, % 20 

Calcium, % 2-2.5* 

Phosphorus 

ToUl % 1.2 

Available %t 0.8 

Vitamin A,t l.U./lb. 6600 

Vitamm D. l.C.U./lb. 680 

Riboflavin, mg./lb. 1.3 


• Free choice feedit^ of c^ter shell or other calcium supplement 
recommended since this level of calcium will not meet full require- 
ments. 

t Approximately 30 per cent of the phosphorus of vegetable prod- 
ucts is non-phytin phosphorus and may be considered as part of the in- 
organic phosphorus required. 

tlf corn constitutes half of scratch gram mixture, the level of 
vitamin A in the mash can be reduced by 1000 I.U./lb. 
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consume more food than smaller ones. Younger animals will 
consume a larger amount of food per pound of live weight. The 
more pounds of eggs laid, the larger the amount of food con- 
sumed. In fact, the correlation between the number of eggs laid 
and the amount of food consumed is very close. 

Titus“ indicates that the gross maintenance requirement of 
White Leghorn hens, 16 months old and weighing on an average 
1632 grams (3.6 pounds), was estimated to be 64 grams (2.26 
ounces) of the special feed mixture used (containing 17.5 to 18.5 
per cent protein, 4.0 to 4.2 per cent ether extract, and 2.4 to 
2.5 per cent fiber) per bird per day during July. The amount of 
this special feed mixture required, over and above the main- 
tenance requirement, to produce an egg was estimated as being 
about 40 grams (1.41 ounces). 

A report from Denmark® states that the daily ration for 
maintenance may be computed for practical purposes at 70 
grams (2.5 ounces) of grains for laying hens of the Italian 
breed, weighing 1.8 kilograms (3.96 pounds); and for hens of 
the middleweight breeds weighing 2.7 kilograms (5.94 pounds), 
at 80 grams (2.86 ounces) per bird. A mixed food supplement 
should be given which should contain 16 per cent of digestive 
pure protein in order to furnish the quantity of proteins needed 
by the hens. For the production of 1 kilogram (2.2 pounds) of 
egg, 1.1 kilograms (2,42 pounds) of mixed food was necessary, 
containing 95 Scandinavian food \mits or 67 kilograms (147.4 
pounds) of nutritive value in 100 kilograms (220 pounds). 

From the results of various scientific and practical experi- 
ments, Axelsson^° has calculated the general food requirement 
of fowls for different live weights and different intensities of 
production (Table 27). 

TABLE 27. FOOD REQUIREMENT OF THE LAYING FOWL 
(POUNDS PER DAY PER IQQ BIRDS) 


Egg Production (Approx Percentage) 
35 40 44 48 52 57 61 6i 


Average 

Live 

Weight, 

lb. 

3.85 

4.40 

4.95 

5.50 

C.05 

6.60 

7.15 

7.70 


Mainte- 

nance 

17.5 

18.6 
19.8 

20.7 

21.7 
22. G 
23.3 
24.0 


21.7 22.1 

22.8 23.3 
24.0 24.5 

24.9 25.4 

25.9 20.3 
26. 8 27.3 
27.5 28.0 
28.2 28.7 


22.8 23.3 
24 0 24.5 
25.2 25.6 
26.1 26 6 
27.1 27.5 

28.0 28.4 
28.7 29.1 

29.1 29.8 


24.0 24.5 
25 2 25 6 
26.3 26.8 
27 3 27.7 
28.2 28.7 

29.1 29.6 
20.8 30.3 
30.5 31.0 


25.2 25.6 

26. 3 26.8 
27.5 28.0 

28 4 28.9 

29 4 29.8 

30 3 30.8 
31.0 31.5 
31.7 32.2 


70 

26.3 26.8 

27.5 28.0 
28.7 29 1 
29 6 30.1 

30.5 31.0 

31.5 31.9 
32.2 32.6 
32.9 33.3 
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These figures are intended to apply to birds in their first lay- 
ing year. They apply to average conditions which prevail m 
spring and autumn. For winter conditions, they may need to be 
raised about 10 per cent. In very hot weather a reduction of 15 
to 20 per cent may be desirable. For older birds, they may be 
reduced by about 5 to 15 per cent of the maintenance require- 

Byerly‘* suggests the amounts of daily feed for 100 layers 
with different rates of production given in the accompanying 
table. 


WEIGHT OF BIRD 


Per Cent 

Production 3 lb. 

0 12 8 

10 14.2 

20 15.6 

30 17.1 

40 18.S 

SO 19.9 

60 21.3 

70 22.7 

SO 24.2 

90 25.6 

100 27.0 


4 lb 5 lb. 6 lb. 

13.5 17 9 20 2 

16.9 19 3 21 6 

18 3 20 7 23 0 

10.8 22 2 24 5 

21 2 23 6 25 9 

22 6 25 0 27 3 

24 0 26 4 28 7 

25 4 27 8 30 I 

26 9 29 3 31.6 

28 3 30 7 33 0 

29 7 32 1 34 4 


7 lb 
22.3 
23 7 

25 1 

26 6 
28 0 

29 4 

30 8 
32.2 
33 7 
35.1 
36 5 


Records at Cornell University indicate that a flock of Leghorns, 
averaging 4 pounds in weight and not producing, consumed iVs 
pounds of feed per hen per week. This represents about 19 
pounds per day for 100 hens. The same flock, producing 50 per 
cent, consumed XVz pounds per hen per week, or about 23 pounds 
per day for 100 hens. Larger hens will require more feed, 
smaller ones less Also more feed will be necessary for higher 
levels of production The accompanying figures are given as 
suggested quantities of feed necessary lor average Leghorns 
(weighing 4 pounds): 


Pounds of Gram and 
Per Cent Mash per Day for 

Production 100 Birds 


20 

30 

40 

50 

60 

70 

80 


21 

22 

23 

24 

25 

26 
27 
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For heavier birds, such as the American breeds, the amount 
should be increased 2 to 3 pounds, or approximately 2 pounds 
for each pound increase in body weight. 

The following formulas have also been suggested for calculat- 
ing the amount of food required: 

(1) Total daily feed for 100 birds = 8.3 + 2.2 times the 
weight of the bird + 0.1 times the egg production. 

(2) Feed per hen per year = 31.5 + 8 times the weight -t- 0.1 
times the egg production. 

The problem in feeding is to get the birds to consume enough 
feed daily. Food consumption must stay above a minimum level, 
which is not always easy to do. For various reasons, some of 
them often difficult to determine, the birds may refuse to eat 
what they should. At the same time they usually become inactive. 

It has been the experience of many persons that food consump- 
tion can be maintained or increased by liberal grain feeding. 

Jones of Connecticut^' states that the amount of gram fed 100 
birds a day should not be less than 12 pounds during the fall and 
winter. The New Jersey Station^^ indicates that a study of egg- 
laying contest records shows that during November to February 
egg production is proportional to the amount of scratch grain 
consumed, up to 15 pounds daily per 100 birds; that there Is no 
relationship during March to October; that egg production in- 
creases with the amount of mash consumed during the winter 
and summer-fall periods. 

Decreased food consumption may be due to a decrease in the 
mash or the grain or both. When food consumption decreases, 
steps must be taken immediately to increase U. There are vari- 
ous means of accomplishing this, and m most cases the means 
need be only temporary until the birds respond. 

One of the first measures resorted to for increased food con- 
sumption is the feeding of a wet mash. It usually increases mash 
consumption because the wet mash is more palatable and can be 
easily eaten. It vs only a temporary measure since the birds will, 
after a time, adjust their intake with the dry mash. 

Artificial illumination may be a means to increase food if the 
length of day is limited. 

Another practice to increase food is to give the birds liquid 
milk to drink. They like it, and it acts as both food and drink. 

The feeding of palatable foods, such as condensed milk, green- 
cut bone, fresh meat, and blood, may be justified at such times 
as appetizers. 

Changing the grain might increase food consumption if the 
grain which they prefer at the time is fed. 
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Frequency of feeding grain or giving fresh supplies of mash 
may stimulate activity and increase food consumption. The 
feeding of pellets, as a supplementary food, has also been re- 
ported favorably m this respect. 

In order to obtain sufficient food intake it is necessary to 
provide enough feeding space.** Forty-eight feet of feeding 
space for 100 birds is satisfactory- It has also been shown that 
watering equipment is important since a flock laying at a high 
rate of egg production will consume considerably more water 
than the same flock laying at a low level. 

For further information concerning the amount of feed see 
Chap. 19, “Economics of Feeding.” 

METHODS OF FEEDING 

Besides supplying the correct kinds and balance of nutrients, 
it is also necessary to make the birds consume sufficient 
amounts of the nutrients in order to supply the materials for 
the eggs as well as to maintain the body weight. To do this often 
involves methods and management. 

It is generally agreed that it is desirable to keep the birds 
busy to stimulate activity. If the hens are on range and out- 
doors, they will get exercise; but if they are closely co/ifined, 
they might be too inactive. Feeding gram in Utter will help to 
induce activity. 

A general working rule is to keep the birds a bit hungry in the 
early part of the day, but gradually to fill them up so that, by 
night, they go to roost with full crops. This usually means limit- 
ing the amount of grain fed in the morning, in order to increase 
mash consumption during the day, and then feeding all the gram 
the birds can eat at night. 

METHODS OF FEEDING GRAIN. The grain may be fed by 
hand in a litter or it may be fed in troughs. The birds will usu- 
ally eat the grain when given a choice. If the amount of grain is 
restricted, the fowls can be induced to consume more mash. 
Birds should be fed according to their condition and production. 
No definite rule can be given to apply to all conditions of season 
and production 

Grain fed in the litter should be fed scantily in the mornings 
about IV 2 to 2 quarts to 100 hens. No grain should be left in the 
litter at noon, for that would indicate that too much grain had 
been fed in the morning. The hens should be given all the grain 
that they will eat in the late afternoon so that they will find it 
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before dark and go to roost with a full crop. Usually enough Is 
fed so that a small amount is left over for the morning. All the 
grain should be fed in a dry, clean, straw litter, 4 to 6 inches 
deep. 

When grain is fed in troughs, the birds should have it avail- 
able early enough in the afternoon so they can eat what they want 
before going to roost. About 4 P.M. is the usual time for open- 
ing the grain hoppers except during the winter months, when no 
artificial illumination is used at night. Then the time must be 
advanced. In trough feeding of grain, little or no grain is fed in 
the morning. Frequently a light morning feed of grain is given 
in the Utter. Trough feeding of grain Is practiced with deep- 
litter management. 

Continuous hopper feeding of grain may be practiced. With 
grain available all the time, the birds usually eat large amounts 
of it. Thus it may be necessary to restrict the grain at times 
in order to regulate the proportion of grain to mash, or to use a 
mash that is more concentrated. If the heavier grain consump- 
tion is maintained, extra vitamin and protein carriers must be 
added to the ration. 

Sometimes the grain is fed only at night, particularly during 
the more favorable seasons of the year and when the birds are 
on range. But sometimes grain is fed more often, as, for ex- 
ample, when the birds are fed grain twice during the morning in 
very small quantities. This is often the practice during the 
winter when the birds are inclined to be inactive. By feeding 
them a little at a time and frequently, it is sometimes possible 
to keep them more active than if they were fed once in the 
morning or fed heavily. This is particularly true of the heavier 
breeds, which have a tendency to be sluggish. 

The amount of grain to feed depends upon the appetites of the 
birds. No definite rule can be given to apply to all conditions. 
When grain is fed both morning and night, about three-fourths 
of It should be given at night and the rest in the morning and at 
noon. The tabulated amounts are suggested as the approximate 
grain feedings each day for 100 laying hens, averaging 4 pounds 
in weight. 


Morning 

Month Feeding 

November — February 3 

March — June 2 

July 

August ] ’ 

September — October . ! 


Night Total 

Feeding Grain 

10 13 

10 12 

11 11 

10 10 

9 9 
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The common straws for litter in the order of their desirability 
are wheat, oats, rye, and buckwheat. Shredded or cut corn stalks, 
shavings, peat moss, oat hulls, or leaves may be used if straw is 
not available, especially where trough feeding is practiced. The 
litter should be clean and free from mustiness, mold, or decay, 
as serious losses frequently occur when spores develop into 
fungus molds in the lungs or intestines of the fowls. 

METHODS OF FEEDING MASH. Under most conditions it is 
advisable to feed the mash dry m hoppers, troughs, or boxes, 
having it available at aD times. The open hoppers are desirable 
since they permit the hens to have frequent fresh supplies of 
mash. Open boxes, if used, should be raised from the floor. To 
prevent waste where a reel or wires are not used, a piece of 
1-inch mesh poultry netting should be placed on top of the mash. 
Sufficient hopper space should be provided. A trough 20 feet 
long, feeding on both sides, should be furnished for 100 hens. 
With mechanical feeders all-mash rations are used. 

Moist mashes, when fed, are usually given sometime the lat' 
ter part of the day. The plan is to induce the birds to eat as 
much of the dry mash during the day as they will, and then to 
consume an additional amount in the form of the wet mash, so 
as to fill them up by the time they get their feeding of grain. 

FEEDING GREEN FEEDS. Where fresh green foods are 
provided, only as much should be given as the fowls will eat the 
same day or before u freezes. It is best to feed it during the 
middle Of the day. It is not advisable to feed too much succu- 
lent feeds since they might decrease grain and mash consump- 
tion. About 4 to 6 pounds a day for 100 hens is sufficient. 

PROPORTIONS OF GRAIN AND MASH. It is important to 
follow the directions for the particular ration that is being used- 
Practice the recommended methods that accompany the mix- 
tures you decide to use because the methods of feeding are de- 
vised to meet the make-up of the mixtures themselves, particu- 
larly in regard to the proportion of grain and mash to feed. The 
proportions of grain and mash that are recommended haie a 
close relationship usually to the amounts of protein, minerals, 
and vitamins which the mash contains. 

ARTIFICIAL ILLUMINATION 

Although the direct effect of li^t is stimulation of the repro- 
ductive system, artificial illumination in the northern latitudes 
IS also largely a nutritional consideration.^^ The birds must be 
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given sufficient time to assimilate enough feed to produce the 
eggs. The naturally short days or, more important still, the 
naturally long nights during the fall and winter are great handi- 
caps to the hen. First, the hen must have a sufficiently long day 
in which to feed and exercise. Next, the night must not be too 
long or the assimilated food will be drawn upon to maintain the 
body rather than to make eggs. Experience has shown that ordi- 
narily the hens should not go without food for more than about 
10 hours, that is, they should have a 13- to 14-hour day. In this 
connection, it is well to keep In mind that on September 21 and 
March 21 night and day are of equal length. After September 21 
the nights are longer than the days. For early-laying pullets and 
late-laying hens, the lights should be used not later than the first 
of September. For the later pullets, they should be put on when 
the chickens arc placed in winter quarters. 

When artificial illumination is used in the poultry house, the 
grain and mash mixtures remain unchanged, but the method of 
feeding must be adapted to the method of illumination. Though 
the underlying principles arc the same, the time of feeding must 
be arranged to fit the working hours of the birds. h\ order that 
activity may be encouraged, grain should be fed lightly at the 
beginning of the hen’s day. If morning illumination is used, the 
grain may be scattered in the Utter the night before. The dry 
mash and water should be available during the entire time that 
the birds arc off the roost. Grain should be fed heavily at the 
end of the day (with cither natural or artificial lighting), about 
one hour before the birds go to roost. Green food should be 
supplied In the middle of the birds' working day. 

Watch the condition of the birds, since they might have a tend- 
ency to produce eggs at the expense of their bodies. Hence It 
is necessary to observe the birds closely, with special attention 
to their weight, which is one of the best measures of condition. 

If they begin to lose flesh, increase the amount of grain fed and 
supplement It with a wet mash. 

MODIFICATIONS DURING THE YEAR 

For the best results, it Is advisable to segregate the birds 
according to tljclr condition and to manage Uiem accordingly. 
Better results will be obtained If the birds in the flock arc 
nearly alike in their conditions and consequently in their re- 
quirements. Different feeds must not always be used for each 
group; more often the \~arialion will come in the manner of 
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feeding the same ration and tn the management of the flock. 

FEEDING PULLETS. It fs particularly Important that puJ- 
lets liave fat In the body when they commence to lay and that 
they bo kept In good flesh. The pullets that are thin when they 
begin to lay are most likely to molt. If the birds arc not being 
handled regularly, as In Irapncstlng, It Is a good practice to 
band a few of them and wei^ them regularly. Good food con- 
sumption la required to meet the needs of growth as well as egg 
production. To encourage liberal grain consumption, keep the 
grain in hoppers before the pullets all the time for the first 
month or 6 weeks of production. After that time the grain may 
be fed only in the morning and in the afternoon. Always let the 
birds cat all the grain they want at night. The urge to lay will 
cause pullets to produce for a considerable period of time even 
on a deficient ration but at the expense of their bodies. It Is 
well to house pullets when they start to lay and thus give them 
proper attention before they have lost flesh laying on range. 

The pullets should not only maintain their weight and flesh but 
should actually be completing their growth during the first few 
months of production. To produce eggs at the expense of their 
body weight, or as we say “to lay themselves out,” is positively 
detrimental. 

It Is better to encourage production in early hatched pullets 
than to retard them when they are ready to lay. Pullets at Cor- 
nell** fed an egg mash gave better resiUts than pullets retarded. 
The forced pullets made belter profU, ate less food per hen at 
less cost, produced more eggs of a larger size, produced more 
eggs duruig the winter, had better hatching results, made better 
gains in weight, showed less broodiness, had less mortality, and 
showed better vigor. 

Pullets that, because of early hatching or rapid development, 
have come into production early (August or September) will 
show a tendency toward decreased production, owing to the 
shortening days late in September and October, and to cold 
weather. At this time a decided slump in production, followed 
by a molt and a period of unproductivity, often occurs. This 
class of birds needs careful observation. It is of prime impor- 
tance to maintain the weights of the individuals. Whenever the 
birds are losing weight or production begins to decrease, con- 
sumption of one part of the ration or of the feed as a whole usu- 
ally decreases also. Introduction of milk, pellets, wet mashes, 
or artificial illumination of the poultry house at the proper time 
will help to overcome this difficulty. The lights should usually 
be turned on by September 1. 
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For later-hatched pullets, lights need not be used until Octo- 
ber. It is well to hopper-feed grain to these pullets all the time 
also for a month or more after they are placed in winter quarters. 

WINTER MANAGEMENT. The winter management of layers 
presents problems not met with in spring and summer production. 
Closer confinement and unfavorable climatic conditions make it 
more difficult to maintain high production and the health of the 
individual. To prevent a slump it is again necessary to maintain 
the weight of the birds by proper food consumption. It is better 
to decrease production somewhat for a time, to build up the birds, 
rather than to cause a break in production. Very high production 
usually cannot be maintained throughout the winter without a 
slump or molt, unless conditions are favorable. 

During the spring and summer, when the conditions are favor- 
able, it is possible to obtain 75 to 80 per cent production without 
harm to the birds. With such heavy production, however, one 
must be sure that the birds are being favored in all respects. It 
means a complete ration and heavy food consumption. 

CARE OF BROODY HENS. Broodiness is a natural charac- 
teristic of the birds, the natural tendency to incubate the eggs 
and rear the chicks. When a hen becomes broody, the ovules 
that are not of mature size are reabsorbed into the body. It 
takes about 2 to 3 weeks to develop these minute ovules to ma- 
ture size. They are reabsorbed, however, in a shorter period of 
time. If we can take a hen right at the time she begins to get 
broody and stimulate production, we shall check the reabsorp- 
Uon of the ovules and stimulate their formation. We can make 
her continue to produce and show a break for only a very short 
period. If we get a hen right away, production will be resumed 
In the course of 2 or 3 days. If we allow the hen to remain 
broody, reabsorption of the ovules takes place and the time that 
it will take for that hen to come back into production again de- 
pends largely upon the time at which we arrest the reabsorption 
of those ovules. 

In handling our flocks for egg production we are interested in 
breaking up broodiness and getting the hens back into production. 
How can we overcome this broodlness? How can we stimulate 
that production? First, we need to discourage inactivity of the 
broody hen. When the hen becomes broody, she usually stays on 
the nest and in so doing she starves herself, because she does 
not get off the nest long enough to eat what she needs for egg 
production. The first thing to do is to remove the bird from the 
nest and place her In quarters that will prevent this absolute In- 
activity. Put her in a broody coop, which usually has a wire or 
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slatted bottom to discourage setting and inactivity. Then feed 
some stimulating feeds, feeds that will encourage production. It 
has been found best to give the broody hens a moist mash. Do 
not feed grain. Give them water or milk to drink. 

Broodiness can often be induced by restricting the feed. Where 
the hens are not given full rations or where they are starved, we 
get considerably more broodiness than where they are given 
plentiful feed. 

If we want the hen to set, we feed only for maintenance. There- 
fore, the ration is usually restricted to grams. The hens can be 
given access to the gram and grit in hoppers. Water must also 
be given. 

LATE SUMMER AND FALL MANAGEMENT. Production 
during late summer and fall is accomplished under conditions 
that normally are not favorable. In order to hold production, the 
mash consumption must be increased. However, Heywang con- 
cluded that it is not advantageous to reduce the proportionate 
amount of gram in a mash-gram diet for laying chickens during 
hot weather In order to increase the protein level This usually 
calls for wet mashes or other supplementation during the late 
summer and fall. Artificial illumination of the poultry house 
also gives the birds a better chance. The lights should usually 
be turned on not later than August 15 for hens at the end of their 
laying year. 

CARE DURING THE MOLT. The molting of a hen is a natural 
characteristic, but the lime of the molt and the nature and length 
of the molt can be influenced to quite an extent by feeding and 
management. Molt can be brought on by restriction of the feed 
and by starvation. The question often arises whether it is not 
advisable to force the hens into a molt late in the summer with 
the idea that they will come back into production again during 
the winter and lay high-priced, winter eggs This sounds as if U 
might be possible, but it has been found that, even though the 
hens might lay a few more winter eggs, when the production and 
the returns throughout the year are considered, it is not a paying 
proposition because some fall eggs, which are also comparatiie- 
ly high-priced, will be sacrificed.” Furthermore, to force the 
hens into a molt, it is necessary to restrict the feed, and by re- 
stricting the feed we are likely to get a loss m body weight It 
is \ery difficult to force the molt of some hens successfully, 
except during the normal molting season. It is best to let the 
molt lake Us normal course or. If anything, to preient the molt 
until late in the fall. 
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It is possible, however, on the other hand, to keep the birds 
in production for too late a period. For the central New York 
region, probably somewhere around the first to the middle of 
November is late enough for any hens to keep in production. The 
time to stop will depend upon our ability to get the birds far 
enough along with their molt so that they may have the protec- 
tion of the feathers by the time cold weather sets in. If the birds 
are kept in production too late and shed their feathers rapidly 
(this is likely to happen since it is the best birds that can be 
kept in production and thus the best birds will drop most of their 
feathers at a time), they are likely to be affected by the cold 
weather because of not having the protection of the feathers. 

This will delay recovery from the molt and postpone production. 

When the hen stops production in the fall and goes through the 
molt, she needs the various nutrients just as when she was in 
laying condition. She probably does not need as much of the pro- 
tein, although she needs considerable to grow new feathers. She 
will need fattening material to make up or to replace the de- 
creased amount of body fat which we find hens lacking at the end 
of the laying season, especially when they have been held in 
fairly high production in the late fall. Since they are likely to 
be thin, body fat used up, and pigment gone, we need to get all 
this replaced to bring the bird back into good, plump, healthy 
condition, and with an excess or store of fat which can be drawn 
upon in the next production year. That means that when the hens 
stop production they may be fed more heavily on the grain but 
that they also need mash. 

Hens that have stopped laying during August and early Sep- 
tember can be brought back into production, so as to be put 
under lights by October 15 to November 1, by placing them on 
a clover or alfalfa range and hopper-feeding grain and mash. 
They will then respond well for winter production. 


FEEDING THE BREEDS 

Are the requirements for the heavier breeds different from 
those of the lighter breeds? Naturally, total food requirements 
are greater for the larger birds. The feed records at laying 
contests indicate that the heavier breeds consume more of the 
mash in proportion to the gram than the lighter breeds. Some- 
times better results seem to be obtained when heavier breeds 
are given a slightly narrower ration. The variation is usually 
not in the feeds themselves so much as in the method or system 
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of feeding. The gram feeding of the heavier breeds is restricted 
in order to get the birds to consume larger amounts of the mash. 
The restriction of the grain also tends to keep the heavier birds 
more active. Their natural sluggishness is overcome to some 
extent in this way. For that reason it seems desirable not to 
change the mixture, not to put more protein in the mash and 
then feed heavier on grain, but to keep the same mixtures and 
vary the method of feeding by restricting grain, thereby reduc- 
ing activity and getting the birds to eat more of the mash. Be- 
cause of less activity, they probably do not need quite so much 
of the grain as the lighter breeds. 

The results of experiments in Denmark** Indicate different 
levels of protein for birds of light and medium heavy breeds. 
The light birds. Brown Italian, required 10.5 to 11 per cent of 


digestible true protein, provided by a daily ration of 65 grams 
of grain, with free access to a mixture containing 16 per cent 


of 


digestible true protein. The heavier breeds, Plymouth Rock, 


Rhode Island Red, and Sussex, required slightly more total pro- 
tein and so ate more of the free access food. No advantage was 


gained by feeding more protein than was provided in this way, 
but egg yield fell in proportion as the supply fell short of this 
level. 


It has been shown, in the case of young stock, that the require- 
ments of different breeds may differ for some of the vitamins 
and minerals. It is also s>ossible that the same may be shown to 
be true for the requirements of adult birds, in respect to some 
of the nutrients. 


SLUMPS IN PRODUCTION 

When birds that have been laying heavily suddenly slow down, 
a neck or a complete body molt is likely to accompany this 
slump, after which it may be weeks before the flock can be 
brought back into good laymg again, depending upon the condi- 
tion of the birds and the extent of the molt. 

The actions of the birds frequently foretell slumps. General 
activity and singing and cacklmg denote that all is well. Squawk- 
ing, lack of interest, huddling in the corner, and dopiness denote 
trouble ahead. 

Slumps may be brought on by various things. 

1. POOR STOCK. The birds do not have the ability to stand 
up under the strain of heavy production 

2. POOR ENVIRONMENT. Heavy, damp, or dirty litter and 
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improper ventilation will affect the condition of the birds. 

3. EXTREME TEMPERATURE. Extreme cold or hot weath- 
er and sudden changes will affect the birds adversely. In cold 
snaps, be sure the birds eat enough. Warm the water and also 
the other feed if necessary. Extremely hot weather requires in- 
creased shade. Provide cool water several times a day and fur- 
nish succulent green feed. 

4. POOR CONDITION OF BIRDS, (a) Loss in weight. This 
is usually caused by decreased food consumption, (b) Diseases, 
such as chicken pox and colds, will cause decided slumps. 

5. TOO SHORT DAY. Food consumption can be increased by 
using artificial illumination. Effects can be secured usually by 
Increasing the length of day up to 15 hours. 

6. DEFICIENT RATION. Any deficiency will cause a drop in 
production. 

7. WRONG FEEDING, (a) Lack of appetite. This is often 
caused by feeding too much grain in the morning. Increase pal- 
atable feeds, (b) Indigestion might affect the lay. (c) Spoiled or 
poor-quality feed. 


CONFINEMENT 

In early experiments, ■** reported by the Ohio and Pennsylvania 
stations, confinement of hens did not produce as good results as 
giving them range. However, these results were obtained before 
our knowledge of vitamins. Range supplements the ration with 
sunlight, green feed, fresh air, and contentment. 

With the development of commercial poultry keeping, layers 
are being confined to a greater extent. It frequently has been 
necessary because of contaminated soil. Where weather condi- 
tions are unfavorable, the birds are benefited by being confined. 
Sometimes there is also decreased mash consumption, owing to 
the birds staying outdoors. 

The key to success in keeping hens in confinement is a com- 
plete ration. Confinement also requires more exact feeding and 
management in order to avoid such vices as cannibalism and 
feather pulling. However, with proper rations and management, 
just as good production can be obtained from birds confined as 
from birds allowed to range. For example, the Ohio Station'*® 
reports 122 eggs from hens having a bluegrass range, as com- 
pared with 127 from hens confined but having a sun porch, and 
132 from hens confined indoors but with the windows open. Re- 
porting on the cage system for managing laying hens, the New 
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Mexico Station” shows that the average annual egg production 
was materially higher with White Leghorns, Rhode Island Reds, 
and crosses In cages, than U was with birds In Iloor pens. The 
mortality rate was also lower with the birds In cages. The lew 
costs were slightly higher In the cages because of higher produc- 
tion and a more expensive diet for cage birds. 

CARE OF LAYERS IN CAGES 

Because the birds arc In strict confinement with restricted 
activity, U is necessary that conditions and management be cor- 
rect In order to get the best results. Some of these provisions 
are adequate housing for the cages, with proper ventilation of the 
battery room, suitable supply of birds, and proper feeding. 

The ration must be complete. Either all-mash or grain and 
mash rations can be used, but the former Is preferred because 
of the difficulty of feeding grain In right amounts to each 
vidual. Pellets have also been fed satisfactorily. A single-feed 
mixture is more cunienlcnt and requires less skill in use. 

Fresh feed Is given at least once a day and preferably twice a 
day. There may bo limes when the food Intake needs to be in- 
creased. This can be accomplished by feeding supplementary 
wet mash or pellets. 

Some rations for cage layers include oystershells and grit. If 
not, they can be provided separately They can be fed either on 
top of the feed or m separate troughs. Enough should be supplic® 
so that there is always a little present In the troughs 


EMERGENCY SUBSTITUTIONS FOR MASH 
Sometimes an emergency might arise when the regular mash 
is not available. The question then arises as to what will happen 
to egg production and what can be done Platt** reported that an 
absence of mash for 6 days. If grain was available on the cafe- 
teria basis, would have no serious effect upon egg production If> 
however, it was extended to a period of 12 days, a significant 
curtailment would be reali 2 ied, and this drop in egg production 
could be alleviated to some extent by feeding cooked whole soy- 
beans plus a mineral mixture, or by diluting the normal mash 
with an equal quantity of yellow corn meal plus a mineral mix- 
ture. 

At Cornell the laying mash was taken away from a pen of 
layers for 10 days during January. Crain consumption increased 
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ut not enough to keep up total feed intake. There was a drop 
:om approximately 55 per cent production to 35 per cent the 
'eek following, after which time the birds increased in produc- 
ton again, coming back to a normal level in about 2 weeks. In 
nother trial the laying mash was replaced for 2 weeks during 
k.pril by a mixture of 40 per cent corn meal, 20 per cent wheat 
niddlings, 20 per cent wheat bran, and 20 per cent ground oats, 
rotal feed consumption again decreased somewhat and there 
vas a drop in production of about 15 per cent the week after the 
nash without animal protein was fed. The birds had again 
reached normal production in about 2 weeks after the regular 
aying mash was restored. 

It is important to keep up feed consumption. It can be accom- 
alished better by feeding both whole grains and ground feed. Any 
means can be used, such as wet mash feeding, which have been 
found successful for maintaining or increasing feed intake. 


COMPUTING RATIONS FOR EGG PRODUCTION 

The final measure of a ration is the result it actually will 
produce. However, it is frequently necessary, as well as inter- 
esting, to compute the various nutrients in a ration and make 
adiustments in their relationships. 

For example, we may want to know the nutrient content and 
protein energy-ratio of a ration. The following mixtures may 
be used as a problem: 

Grain, lb. Dry mash, lb. 

100 cracked corn 100 corn meal 

100 wheat 100 wheat bran 

100 Hour wheat middlings 

(To be fed equal parts 100 ground heavy oats 

by weight of grain 75 meat scrap 

and mash.) 25 dried milk 

In Table 3 (page 56) we sec that 100 pounds of corn contain 
2.0 pounds of fiber, 8.6 pounds of protein, 3.9 pounds of fat, and 
69.3 pounds of nitrogen-free extract. The same table shows the 
amounts of fiber, protein, fat, and nitrogen-free extract in the 
other feeds. From this Information, it is calculated that the 
mixtures will contain the amounts of these nutrients given in 
the accompanying tabulation. 

As suggested in the method of feeding this ration, the hens 
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CRAIN MIXTURE 

Fiber Prtacln 

Fat 

Nitrogen- 

Free 

Extract 

100 lb. corn 

2 0 

8.6 

3.9 

69.3 

C9.9 

100 lb. wheat 

3.0 

13.2 

1.9 

200 lb. grain mixture 

S.O 

21.8 

5.8 

139.2 

C9.6 

100 lb. grain mixture 

2.5 

10.9 

2.9 


MASH StIXTURE 

Fiber Protein 

Fat 

Nitrogen- 

Free 

Extract 

100 lb. corn meal 

20 

8.6 

3.9 

G9.3 

100 lb. wheat bran 

9.6 

16.9 

4.6 

52 9 

100 lb. flour wheat 
middlings 

3.6 

18 3 

4 2 

S9 8 

100 Ib. ground oats 

li.o 

12 0 

4 6 

58.6 

75 lb. meat scraps 

0.9 

41.9 

8 2 

0 4 

25 lb. dried mlik 


8 7 

0 3 

12 8 

500 lb. mash mixture 

27.3 

106 4 

25 8 

253 6 

100 lb. mash mixture 

5.5 

21.3 

5 2 

50 7 


should eat about equal parts of grain and mash. The nutrients of 
this ration, therefore, may be calculated as follows: 


100 lb grain 
100 lb. mash 


Nitrogen- 

Free 

Fiber Protein Fat Extract 


2 5 10 9 2 9 

5 5 21 3 5 2 


200 lb. ration 
100 Ib ration 


8 0 32 2 8 1 120 3 

4 0 16 1 4 2 2 


This ration, then, has 4.0 pounds of fiber, 16.1 pounds of pro- 
tein, 4.2 pounds of fat, and 60.2 pounds of nitrogen-free extract 
for every 100 pounds of feed. 

It remains to compute the protein-energy ratio. 

RULE FOR COMPUTING PROTEIN-ENERGY RATIO. Add the 
fat (4.0) multiplied by 2 V 4 (9.8) to the nitrogen-free extract (60.2). 
■which gives the total energy nutrients (69.2). Total energy nutri- 
ents (69.2) divided by protein (16.1) equals protein-energy ratio 
(4.3). Therefore, the protein-energy ratio of this ration is 1-4.3. 
which means that for each pound of protem the ration contains 
4.3 poimds of carbohydrates and fat. 
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BALANCING RATIONS. In balancing a ration, amounts of 
available feeds should be used as seem desirable. Then the nu- 
trients should be calculated as above. If it is found that the 
protein-energy ratio is too wide (containing too large an amount 
of carbohydrates and fat to one part o£ protein), the amount of 
one or more feeds that contain a large proportion of carbohy- 
drates and fat should be reduced and one or more feeds that 
contain a larger proportion of protein should be substituted. If 
it is found that the protein-energy ratio is too narrow (contain- 
ing too small an amount of carbohydrates and fat to one of pro- 
tein), the amount of one or more feeds that contain a large pro- 
portion of protein should be reduced and one or more feeds that 
contain a larger proportion of carbohydrates and fat should be 
substituted. After a few such trials, it should be possible to 
formulate a ration that will meet the requirements. One must 
not forget that the mixtures must be considered also from the 
standpoint of palatabillty, mechanical condition, and other fac- 
tors previously discussed. 

If the digestible nutrients and the nutritive ratio are desired, 
the same procedure is followed as above, except that the values 
for digestible nutrients are used instead of the crude nutrients. 

RATIONS FOR EGG PRODUCTION 

It is possible to formulate a large number of rations that will 
meet the requirements. The ingredients used will depend largely 
upon the availability of the feedstuffs. Some of the representa- 
tive rations being recommended for layers will be found in the 
Appendix. (See page 554.) 
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CHAPTER 14 


FEEDING AND MANAGEMENT 
OF BREEDERS 


There is a relationship between feeding and management of 
the poultry Iloch and hatching results. We are dealing with a 
reproductive process that is more exacting and apparently is 
Influenced by more factors than only the production of eggs. It 
is entirely possible to secure large numbers of eggs and still 
not obtain eggs that will produce satisfactory hatching returns. 
For example, the hens in two pens at Cornell University, re- 
ceiving different rations, gave satisfactory and uniform produc- 
tion (averaging in each case 211 eggs per bird for the year), but 
the hens in one pen hatched only 27.5 per cent of the fertile eggs 
set In February, whereas the other hens hatched 71.4 per cent. 
Besides numbers of eggs, especially during the hatching season, 
wc must get eggs that not only are fertile but also arc capable 
of producing chicks of good quality, healthy, and vigorous. 

Hatchability or the ability of eggs to produce chicks is influ- 
enced by many factors,' some of them beyond the control of the 
average poullryman. For Instance, some hens consistently pro- 
duce eggs that are Inlertlle or. If fertile, will not hatch. 

But, in order to produce good fertile eggs that will develop 
vigorous chicks, It is necessary to care properly for the breed- 
ers, It is necessary to put the quality into Uie egg because dur- 
ing incubation Uio embryo develops within the egg independent of 
the hen. Thus there is inside the egg a developing individual 
which must be furnished suitable growth conditions. 


NUTRITIONAL REQUIREMENTS FOR HATCHABILITY 

Proper food or building material is a first esscnllal which we 
cannot supply except thruugli the hen. U ail the necessary food 
nutrients are not in the egg, growth will be liamilcappcd until the 
lime when additional food can be furnished, which i.s not until 
after the chicks arc hatched. This early, embryonic life is much 
more Imiwriant liian any other equal period and gues the chicks 
a start which will not easily be overcome. 
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In order to produce this quality in the egg, 
must be given proper attention, not only during the hatching 
season, but also tor some lime previous to it. 

The nutrition ol the hen is one ol the most cons' 

erations ailectUig hatching resulU. Anything that altecls t 

condition ol the birds will allect hatchability. “ 

has been reported that hatches were “^L Lir 

were ted scantily. In that case, the hens probably 

bodies by drawing upon body reserves. Any practice that 

keep up a balance ol nutrients In the bird will increase or main 
tain hatchability. Any deficiency, be it vitamin, 
tein, will decrease hatchability by affecting the health and con- 
dition of the bird. „„r.oc<5arv 

PROTEIN. Not only is a proper amount of protein neces 
but the feeds must also furnish enough of the right amino 
An excess of protein to be eliminated will place an extra s r 
on the animal; a deficiency will prevent it from functioning p P 


u 'has been shown that rations low* In protein give low hatch- 
ability. This may be due In part to the fact that these rations 
frequently contain little or no protein concentrates. The Uni e 
States Department of Agriculture* reports that in birds recei - 
Ing a low-protein diet the trend In hatchability tended to per* " 
lei the trends in egg production and egg weight during the firs 


year of production. 

The Oklahoma Station* reported that, although the embryos 
from the high-protein hens were heavier during the greater par 
of the incubation period as shown by both wet weight and dry 
weight, the differences were shown by an analysis of variance 
to be insignificant. A further report indicates that in two expen 
ments out of three the chicks produced by the hens on the 
protein levels were smaller than would be expected, whereas 
chicks produced by the hens on the low levels were larger than 
would be eiqiected. In hens the differences were significant. 


whereas in pullets they were not significant. 

Some reports show no difference m hatchability between vege* 
table and animal protein concentrates.* In general, however, m 
use of vegetable protein concentrates has resulted In decreaseo 
hatchability. This is particularly true of cottonseed meal. ’ 

The South Carolma Station has further shown that the 
of crude cottonseed oil to a satisfactory ration for hens marked f 
reduced the hatchability of the eggs, as did also refined oil pfO' 
duced by filtering and alkali treatment. Gossypol* has been 
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shown to be a factor having an adverse effect on hatchability. 

The Alabama Station® also reports lower hatchability from a 
ration containing soybean meal but comparable results with the 
one containing peanut meal. A number of other workers® have 
reported that soybean oil meal, as the sole protein supplement 
in poultry rations, falls to support good hatchability. It has been 
demonstrated that such rations may be deficient in manganese 
and riboflavin. It has also been suggested that there may be a 
relationship between the goitrogenlcity of soybean oil meal and 
the poor reproduction. 

The United States Department of Agriculture*® reported that 
diets containing proteins from vegetable sources only Increased 
the Incidence of chondrodystrophy In embryos of hens likely to 
produce such embryos. Embryos in eggs from hens on such 
diets has a high second-week mortality. 

Parkhurst** reported greater hatches from rations containing 
animal protein than from one containing no animal protein, both 
alone and in combination with various feeds of high vitamin con- 
tent. 

In comparing rations containing meat scraps with those con- 
taining milk as the source of animal protein, most experimenters 
report better hatchability with the milk ration.**"*® The differ- 
ence In favor of the milk has usually been about 10 to IS per cent. 

The South Carolina Station** Indicates reduced hatchability 
with fish meal. Reports from Canada” show no influence on 
hatchability or viability of chicks by the addition of bone meal 
to the ration. Results from the Ontario Agricultural College** 
indicate that there is a difference in the protein sources as to 
the hatching power of the eggs produced. The best hatches came 
from milk and fish meal. In general, during an 11-year study 
with Barred Plymouth Rock pullets, the use of dried buttermilk 
as the protein supplement has resulted In higher hatchability 
than either fish meal or meat meal. During the last 6 years of 
this period the buttermilk showed decided superiority. The de- 
cline in meat meal may be due to the lessened amount of liver 
and other glandular material. It seems probable that there may 
be a decided variation in the value of different meat or fish 
meals for hatching rations, depending on the materials used In 
their manufacture and processing procedure. 

The Improved liatchabllUy of rations containing animal pro- 
teins may be due in part to their vitamin values. This is true 
especially of milk. In v.hich, no doubt, riboflavin plays an im- 
portant part. 
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The amount of protein is the same as for layers. (See page 
383.) No difference has been shown In the ammo acid requir 
ments for hatchability as compared with those for egg produc- 


tion only. (See page 384.) , ^ 

MINERALS. Possibly some of the difference between a 
and vegeUble proteins may be due to the more favorable miner- 
al content of the animal protein concentrates. The KentucKy 
Station"* has shown that calcium restriction decreased hatcha- 
bility. In the absence of a calcium carbonate supplement, ^ ® 
hatchability of fertilized e^s was diminished, finally becoming 
zero. When oystershells were again supplied, hatchability was 
increased. The Kentucky workers also found that, in the absenc 
of a calcium carbonate supplement, the percentage of inferli e 
eggs was increased, the chicks hatched weighed less, and the 
ratio of the weight of the moisture-free carcass of the chick to 
the original weight of the contents of the egg from which it was 


hatched was less. 

Results reported from the National Agricultural Research 
Center** show that, in general, a high level of calcium intake 
adversely affected the hatchability of the eggs, and the effect 
was more pronounced in the hen’s eggs than it was in the pul- 
let’s eggs. The hatchability of the eggs was better when calcium 
carbonate was used as the source of calcium than when calcium 


sulphate (gypsum) was used. 

The level of phosphorus intake was reported” as having no 
effect on hatchability. However, the highest levels of calcium 
intake affected the hatchability more adversely when the level 
of phosphorus intake was 0.9 per cent than when it was 1.2 per 
cent. With a deficiency of phosphorus embryo mortality occurs 
mostly in the first 2 weeks. A level of 0.3 per cent of phosphorus 
has been shown to be sufficient.*^ 

Manganese**’ ** has also been shown necessary for good hatch- 
ability. The Kentucky Station reported a hatchability of less than 
10 per cent from hens fed a low manganese ration (13 parts per 
million). The embryos died during the final stage of mcubation 
and showed short legs and wings and “parrot beaks.’’ The re- 
quirement for hens appears to be 40 to 50 parts per million of 
the ration. 


Iodine is necessary for reproduction. Only a few investiga- 
tors** have shown increased hatchability when feeding supple- 
mentary iodine. Most of the reports show no benefits, which 
indicates sufficient amounts of this mineral m ordmary rations. 

Toxic gram, because of its selenium content, was reported by 
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the South Dakota Station^® to aHect hatchability very seriously. 
Approximately 75 per cent of the eggs that failed to hatch con- 
tained deformed embryos. 

VITAMINS. In the light of our present knowledge of nutrition, 
the vitamins undoubtedly constitute the most important nutri- 
tional factor affecting hatching results. Improved hatches in the 
spring and summer can be largely accounted for by access to 
green food and sunshine. 

Vitamin A. It is probable that a deficiency of any vitamin that 
is necessai7 will influence hatching. Decreased hatchability re- 
ported by Kansas® and Oklahoma® in lots where white corn was 
fed was probably due to a vitamin A deficiency. When yellow corn 
or alfalfa, which are vitamin A carriers, was fed, the hatchability 
was improved. Fertility was good. Chicks hatched from eggs of 
birds fed white corn did not have a thrifty appearance. The Okla- 
homa Station*® also indicates decreased hatchability from wheat. 
This was also likely to be caused by a vitamin A deficiency. 

Reports from a number of experiment stations**’** indicate 
that the vitamin A requirement for breeders, where a high vita- 
min A content of the egg Is desired. Is greater than for layers. 

Vitamin D. U has long been noticed that hatchability Improved 
rapidly after the birds got outdoors in the spring. The improve- 
ment was attributed to the birds getting on the ground, access to 
green food, increased temperature, and many other reasons. It 
Is now generally believed that improvement was due largely to 
exposure to sunshine, which furnished the antirachitic factor or 
vitamin D. 

The antirachitic factor may be furnished by means of irradia- 
tion, or exposure to the ultraviolet rays of sunshine, or artifi- 
cially produced ultraviolet rays of special lamps, such as the 
quartz mercury-vapor or carbon-arc lamp. Wisconsin*® was 

TABLE 28. INFLUENCE OF ULTRAVIOLET LIGHT 


Month 

ON HATCIIABIUTY 

Non- 

Irradiatcd* Irradiated 

Male Only 
Irradiated 

February 

G6 

35 

44 

March 

64 

20 

Ij 

April 

70 

0 

G 

May 

68 

0 

62t 

76 


* IQ mlaulcs of ullravtolcl light 
t Hens also irradiated. 
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one of the lirst stations to demonstrate that ultraviolet light 
greatly Improved hatchablllty (Table 28). 

^ The^reports from other sUtlons*""" also showed the influence 
of a ration deficient in vitamin D upon hatchabillty. The Ken- 
tucky Station” reported that pullets confined to the ho>^e ana 
receiving sunlight only through glass windows produced egp 
which progressively decreased In hatchablllty. Ordinary 8 
windows exclude most of the beneficial rays of ultraviolet light. 

The antirachitic factor, or vitamin D, may be furnished by 
radiation with ultraviolet light, by exposure to sunshine, or by 
feeding cod liver oil.“ This is clearly shown by the followmg 
results as obtained in Kansas: 


Per Cent 
Hatchabillty 


Sunshine 

Ultraviolet light (Quartz lamp) 
Sunshine plus ultraviolet light 
Sunshine through glass 
Cod liver oil (1/2 cc. per day) 


75.45 

71.63 

67.43 

52.90 

74.27 


If the windows of the poultry house are allowed to remain 
open, the birds receive considerable benefit from the sunshine 
that can enter. Certain glass substitutes are effective In trans- 
mitting the ultraviolet rays, but other materials are not effec- 
tive. The Wisconsin Station** reports the following 5 -year av- 
erage results: 

Hatch (March) 
per cent 


Glass closed 13 

Glass closed plus irradiation from quartz 
mercury lamp 59 

Glass open plus irradiation from quarlz 
mercury lamp 65 

Glass open 45 

Glass substitute closed 45 

Quartz glass closed 45 

White cloth closed 23 

Glass closed plus cod liver oil 49 


Sunlight IS very effective in furnishing the antirachitic factor 
and Increasing hatchabillty. It has been pointed out by various 
workers that hatchabillty often Increases more or less in pro- 
portion to the amount of sunlight available. Experiments re- 
ported from Canada** generally show greater hatchabillty dur- 
ing the summer months of May, June, and July, when the hours 



FEEDING AND MANAGEMENT OF BREEDERS 417 

of sunshine are greater, than during the spring months of Feb- 
ruary, March, and April. With the grain ration such as used, 
the addition of direct sunshine or sunshine substitutes was the 
most important factor in producing good hatching eggs. The 
birds did not get the necessary amount of sunshine until there 
was at least 200 hours of sunshine per month. 

Cod liver oil will improve hatchability by furnishing vitamin 
D YVhen sufficient sunshine is available, cod liver oil is 
not necessary. Viosterol^* has been reported not to be so effec- 
tive as cod liver oil. Furthermore, an overdose of viosterol 
still further decreased hatchability. 

Differences in hatchability are probably due to differences in 
egg quality. The Wisconsin Station^* found that the developing 
embryo (21 days old) from eggs produced by irradiated hens 
contained nearly twice as much lime as the embryo from non- 
irradiated hens’ eggs. From this, Hart and his coworkers con- 
clude that low hatching is probably related to low power of the 
developing embryo to transfer Ume from the shell. In this con- 
nection, Hughes and his coworkers*'* report that the antirachitic 
vitamin in the egg is determined by the amount of irradiation 
and that eggs with low antirachitic vitamin content do not have 
as high a hatchability as eggs having a high antirachitic vitamin 
content. 

Experiments at the Kentucky Station^* indicate that an ab- 
sence of vitamin D decreased the percentage of eggshell and 
that hens receiving an adequate supply of vitamin D supple- 
mented by pasture tend to produce chicks which grow more 
rapidly. 

Three different yearly experiments at Cornell indicate the 
effect of ultraviolet irradiation and cod liver oil upon eggshell 
strength and hatchability (Table 29). 

It Is believed by some workers^* that sunshine supplies some- 
thing, besides vitamin D, that is necessary for good hatchability. 
The Wisconsin workers*’ also reported that the hatchability of 
winter eggs was much improved by adding a small amount of 
manganese to the mash, when soybean oil meal is the only pro- 
tein supplement in the ration, but that feeding manganese has 
little or no beneficial effect on hatchability in spring or sum- 
mer. Their records seem to indicate that the amount of direct 
sunlight which tlie hens receive affects their need for manga- 
nese, but they were unable to explain the relation of sunlight to 
the utlllzallon of manganese. 

Vitamin E. Vitamin E Is recognized as a specific reproduc- 
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TABLE 29 EFFECT OF ULTRAVIOLET 1RRADL\TI0N AND COD 
UVER OIL UPON EGGSHELL BREAKING STRENGTH 



AND HATCHABILITY 



Period, 

4 Weeks 

Ouartz 
Mercury 
Vapor Arc, 

Sunlight, 

Cod Liver 
Oil, 

Control, 


lb. 

lb. 

lb. 

lb. 

1 

10.14 

9.89 

9.89 

9.56 

2 

10.24 

10.12 

9.98 

9.24 

3 

10.17 

10.10 

10.22 

9.29 

4 

10.13 

9.73 

10.18 

7 82 

5 

10.59 

10.20 

10.43 

7.44 

6 

9.80 

9.88 

9.02 

6.70 

7 

9 S3 

9.76 

9 87 

5.70 

8 

9.17 

8.86 

9 28 

5.71 

9 

8.26 

8.4$ 

8.57 

4 71 

10 

7.49 

7 91 

7.92 

4.05 

n 

7.74 

7 87 

$ 03 

4.43 

12 

7.72 

8 17 

8 66 

4 21 

% hatch of fer- 
tile eggs 

56.4 

55.3 

67.0 

35.2 

tive vitamin. 

A deficiency 

Of It in the ration produces sterility 

It Is found In the germs of cereals. An ordinary mixed grain 


poultry ration apparently contains enough of this factor for nor- 
mal reproduction. Most of the reports have shown that the addi- 
tion of wheat germ oil to a mixed gram ration does not improve 
either fertility or hatching power. However, a few experiment- 
ers^* have shown increasing hatchability by feeding wheat germ 
oil. 

The necessity of this vitamin for poultry has been shown by 
experiments at the Illinois Station.^* In this work the ration 
was treated with feme chloride to destroy the vitamin E. It 
should be pointed out that, from a practical point, there is little 
cause for concern because all whole grains and many green 
feeds are good sources of this vitamin 

It has also been shown” that the normal diet which produced 
eggs of moderately high hatchability was found to be potent in 
vitamin E when tested with female rats. The diets which pro- 
duced eggs of low hatcbab 2 lity, particalarly marked by a hi^ 
first week embryonic mortality, were found to be low or lacking 
in vitamm E. 

Vitamin K. The Wisconsin Station** reports that a minimum 
requirement for laying hens is 1 per cent of dried cereal grass 
or 2 per cent of alfalfa meal in order to furnish enough vitamin 
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K to assure that the chicks produced will have normal blood 
clotting. 

Thiamine. In a study of the influence of the antineuritic vita- 
min upon the internal organs of Single Comb White Leghorn 
cockerels, Souba” reports distinct failure of the testes to grow, 
with ultimate atrophy of the organs, on a ration deficient in Vi- 
tamin Bi. However, poultry rations prepared from the common 
grains possess an adequate supply of this vitamin. 

Riboflavin is also necessary for the maintenance of health and 
good hatchability. The benefits of milk, already noted under the 
discussion of proteins, probably is due in large part to the pres- 
ence of this vitamin. Also the benefits of green food and alfalfa 
feeding may be attributed in large part to this vitamin.^*’ 

The Ohio Experiment Station” shows that the inclusion in the 
ration of riboflavin carriers, such as alfalfa meal, dried skim- 
milk, dried whey, autoclaved yeast, dried liver, or wheat germ, 
caused an increase in the hatchability of eggs. The differences 
in hatching will depend upon the amount of riboflavin present. 
This difference may be very striking as, for example, 8.0 per 
cent hatchability from a ration containing none, as compared 
with 84.8 per cent from a ration containing 3 per cent of liver 
meal. 

Experiments at Cornell, “ California.*’ Wisconsin,** and 
Canada** show that riboflavin is required by hens in order that 
they may produce eggs which will hatch. The developing chick 
embryo dies when an insufficient amount of the vitamin is de- 
posited in the egg. The dead embryos are smaller than normal, 
show curled toes, incomplete absorption of yolk, retarded growth 
of doum, shortened legs, and a slightly edemic condition of the 
neck. Myelin sheath degeneration occurs in the peripheral 
nerves. A smaller amount of riboflavin is required for egg pro- 
duction than for hatchability. The riboflavin content of eggs is 
determined by the amount of riboflavin present In the hen’s diet. 
Eggs of highest riboflavin content can be obtained only by feed- 
ing hens a diet rich in this vitamin. The degree of yellow colora- 
tion of the egg white is evidence of the richness of the hen’s diet 
in riboflavin. Hens require about 230 mlcrograms of riboflavin 
per 100 grams of feed in order to produce eggs that will hatch 
well. 

Hens may lay well on rations inadequate in riboflavin, but 
riboflavin supplements are needed for Increased hatchability. 

The riboflavin rcqulromciU lor good hatcliabimy can be met by 
including such feeds as milk products, yeast. ll%er meal alfalfa 
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yet identified or understood affect hatchability. Some of these 
have already been suggested.®® Considerable evidence also in- 
dicates that some factor present in animal protein feeds,®® par- 
ticularly fish products, and built-up litter^® is necessary for 
best hatchability and growth of the resulting progeny. 

Experiments at the Iowa Station’* show that when the ration 
was made up of single cereals, hatchability was best with eggs 
from wheat-fed birds, next best for those fed oats, with eggs 
from those fed corn and mixed grains being approximately 
equal. The hens fed the wheat or oats rations produced chicks 
with more vigor than chicks from hens fed corn. 

Experiments in Canada’® show that hatchability is decidedly 
greater in eggs from hens fed a combination of cereals rather 
than one alone; also that improved hatchability as a result of 
the feeding of milk or liver meal or a combination of these pro- 
tein supplements or as a result of summer sunshine and/or 
grass range manifests itself in a reduction in anemia, chondro- 
dystrophy, and teratological monsters. 

Landauer^ reports that it has been claimed by Koch {1935, 
1930) and Westermayer (1936) that the feeding of follicular hor- 
mone to laying hens materially increases the hatching quality 
of eggs. Extensive tests by PrUfer (1936), however, failed to 
substantiate any effect of follicular hormone on hatchability. 


DIETARY STANDARD FOR BREEDERS 

Considerable variation will be found In the recommendations 
from various sources concerning the requirements for the 
breeding ration. As a summary of all evidence to date, the 
probable dietary requirements or standards for breeders are 
indicated by the Committee on Animal Nutrition of the National 
Research Council’* as given in the accompanying tabulation. 

The figures do not include margins of safety to compensate for 
possible losses of vitamins during feed processing, transporta- 
tion, and storage and for variations in feed composition and in 
environment. In earlier reports the National Research Council 
suggested allowances which included margins of safety of 66 per 
cent for vitamin A, 50 per cent lor vitamin D, and 20 per cent 
tor the water-soluble vitamins. 

To meet the requirements of a breeder ration the accompany- 
sg formula pattern on page 423 is suggested for a breeding mash 
to be fed with grain. 
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IlEQUniEMENTS* OF BKEEDISG HENS 

IS 

2000 
225 
1.7 

4.2 

1.3 

0.16 

2.2SS 
0 6 
0.5 
15 
0.5 

0.5 
0.53 

0 ZS 
0.25 
0 15 

*ln pcrccnlagc or amount per pound of feed 

tMay bo fish oil vlumln A or pro-vllamln A from vegetable 
sources. 

t International chick unit 

S This amount of calcium need not be incorporated in the mixed 
feed inasmuch as calcium supplements fed free choice arc considered 
as part of the ration 

ilA portion of the phosphorus rcciuircmcnt must be supplied in in- 
organic form All the phosphorus of nonvcgctabic feed ingredients is 
considered to be inorganic Approximately 30 per cent of the phosphorus 
of vegetable products is nonphylin phosphorus and may be considered as 
part of the inorganic phosphorus required 

7 This figure represents added salt or sodium chloride added as 
such or in marine or fermentation products of high sodium chloride 
content 

** Cystine will replace methionine as long as the ration contains 
not less than 0 28 per cent methionine 

TENTATIVE REQUIREMENT 
Vitamin B,j 0 002 mg per lb 


Total protein, % 

Vitamins 

Vitamin A activity (U.S.P. unitb)t 
Vitamin D (I.C.l/.Jt 
Riboflavin, mg. 

Pantothenic acid, mg. 

Pyrldoxine, rog. 

Folacln. mg. 

Minerals 
Calcium, 1 
Phosphorus, %ll 
Salt, %7 

Manganese, mg. 

Iodine, mg. 

Amino acids, % 

Lysine 

Methionine** 

Methionine 

Cystine 

Tryptophan 
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RECOMMENDED FORMULA PATTERN FOR BREEDING MASH 

Lb./ton 


High-energy grain products (corn, wheat, wheat red dog 
flour, milo, oatmeal) 500 + 

Medium- and low-energy grain products (oats, barley, wheat 
flour middlings, standard middlings, bran) 0-800 

Vegetable proteins (soybean meal, corn gluten meal, peanut 
meal) 300-400 

Animal proteins; minimum levels (fish meal, fish solubles, 
meat scraps) 100-150 

Other B-vitamin carriers (dried milk products, dried yeast, 
dried distillers’ solubles, fermentation solubles) 150 

Dehydrated alfalfa meal 100-150 

Additional riboflavin* (if needed) + 

Additional vitamin Bjj* (if needed) + 

Additional vitamin A* (if needed) + 

Vitamin D 3 (feeding oils or D-activated animal sterols) + 

Calcium and phosphorus supplements (steamed boncmeal. 

dicalcium phosphate, defluorinated phosphate, limestone) 100 

Salt 20 

Manganese sulfate (65% feeding grade) 0.5 


* Refers to the use of riboflavin supplements, vitamin Bj} supple- 
ments, and vitamin A sources of guaranteed vitamin content or other 
vjtamin-rlch feedstuffs when the formula Is otherwise deficient in any 
of these nutrients. 


REQUIRED COMPOSITION 


Frotcui, % 20 

Calcium, % 2 - 2 . 5 * 

Phosphorus 

Total % 1.2 

Available %t 0.8 

Vitamin A, I.U./lb.J 6600 

Vitamin D, I.e.U /lb. 680 

Riboflavin, mg./lb. 2.1 

Vitamin B, 2 , pg./lb.8 3-4 


* Free choice feeding of oystershell or other calcium supplement 
recommended since this level of calcium will not meet full require- 
ments. 

t Approximately 30 per cent of the phosphorus of vegetable products 
Is non-phytln phosphorus and may be considered as part of the inorganic 
phosphorus required. 

tlf Corn constitutes half of scratch grain mixture, the level of 
vitamin A in the mash can be reduced by 1000 I.U./lb. 

8 Refers to vitamin Djj supplied by fish products, meal scrap, and 
vitamin Bjj supplements. 
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VALUE OF FEEDS OF HIGH VITAMIN CONTENT 

Numerous experiments have been reported indicating a favor- 
able influence upon hatchabilily when the ration Included such 
feeds of high vitamin content as cod liver oil, yeast, 
various forms of green foods (including grass range). ’ ’ 

They were effective because they made up nutritive deficiencies 
and thus balanced the ration. 

In northern sections and where birds need to be confined, 
there is likely to be a deficiency of sunshine during the winter 
and early spring. Therefore most trials indicated benefits in 
hatchability when cod liver oil, cod liver meal, or liver were 
used.^*’ The differences were usually not maintained 

when the birds got outdoors. The increase also was greater 
when the fertility was low, indicating that the birds were not in 
the best physical condition. 

Reports from Canada’* showed an average increase of 10.3 per 
cent of chicks alive at 5 weeks of age where cod liver oil was 
fed to the hens. Holmes** reported increased viability of chicks 
from hens fed cod liver oil. 

A very definite correlation has been found between the yolk 
color of the egg and the intensity of the pigment in the shanks of 
the chick.** In feeding trials showing the effect of pimiento pep- 
per, the Georgia Station** reported a better hatch and stronger 
chicks from hens receiving pimiento. 

NUTRITIONAL FACTORS AFFECTING FERTILITY 

In general, fertility is not influenced very much by the differ- 
ent nutrients even though hatchability is affected. A restriction 
of calcium and a lack of vitamin E decreases fertility When 
rations deficient especially in vitamin A were fed, the Oklahoma 
Station * reported that the males that were on the most deficient 
rations produced fewer sperms, on the average, than those on 
more desirable rations, 

RELATION OF CONDITION AND HATCHABILITY 

The physical condition of the hen produced by feeding and en- 
vironment has an important effect on the hatching quality of the 
eggs and the vigor of the chicks. To obtain the best results, 
breeders must be managed so that they are kept in good physical 
condition, not only during but also before the hatching season. 

When a bird becomes sick, hatching results will become poor 



FEEDING AND MANAGEMENT OF BREEDERS 


425 


and remain poor until the bird gets back into condition, as shown 
by the hatching records of a flock of hens at Cornell University®* 
in which there was an outbreak of roup. The birds that were not 
affected showed constant good production and steady hatchability 
during March, April, and May. The hens that were sick in Feb- 
ruary showed unsatisfactory hatching until the latter part of 
March and continued good hatching during April and May. For 
the individuals that were sick in March, the hatchability early 
in March, before the sickness, was over 70 per cent, which 
rapidly fell to 50 per cent and less during and after the sickness. 
After the sickness, hatchability showed some improvement. 

Weight can be used as an indication of health. Loss of weight 
in females affects hatching adversely. The effect is most no- 
ticeable at the time when the birds reach their lowest level in 
weight, or just after it, and when incubation conditions are un- 
favorable. In a study of individual hens, it was generally found 
that hens gaining in weight or maintaining their weight gave the 
best hatching results while those losing in weight had the poor- 
est hatchability. 

Shank color is another indication of condition, particularly 
when applied to hens Just previous to and during the hatching 
season. Those with yellow color in the shanks might show bet- 
ter hatches than those with faded shanks because the presence 
0* pigment Indicates a better surplus of fat and possibly vita- 
tnins. The ability to recover pigment quickly and to retain it 
under heavy production is probably an indication of metabolic 
efficiency, resulting in a better-nourished individual. 

Production, both as regards intensity at the time the eggs are 
saved and immediately previous to the incubation season, may 
nave a relation to hatching results. Many references may be 
ound In the literature. Some Indicate an adverse effect; others 
Show that there is no relation between intensity or numbers of 
®egs laid and hatching.®® SVhere hatching results are influenced 
y production, it may be due to the fact that very Intensive pro- 
uctlon and long periods of production previous to the hatching 
season make it more difficult to maintain the weight and condi- 
tion of the birds. 

However, production is not necessarily detrimental if the 
of the hen is not affected adversely, 
obeli color®^ in brown egg laying breeds has been reported as 
^ ng related to hatchability. Hatchability is In favor of the 

colored e^s. It has also been shown that darker brown 
Eg shells are stronger and thicker than lighter brown egg shells. 
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MANAGEMENT OF BREEDERS 
Hens that are used for breeders must be given special con- 
sideration, beginning the previous fall, particularly where early 
season hatching is to follow. The best producers are those that 
continue to lay late in the fall. Fall production can be stimu- 
lated by wet mashes, milk, and lights in order to get the benefit 
of high egg prices. 

REST FOR THE BREEDERS. However, after a season of 
heavy production the breeders need a period of rest or vacation 
while they grow their new set of feathers, regain any lost weight 
and vitality, restore the color to their shanks, beaks, and skin, 
and store up in their bodies such reserves as vitamins, miner- 
als, and possibly other essentials. 

It IS also advisable not to encourage production too late in the 
fall so that the birds can get well along into their molt by the 
lime severe cold weather sets in. For Central New York condi- 
tions, production should not continue beyond November. The 
exact date when the birds should be thrown out of production 
and into the moll will depend upon the date the first chicks are 
wanted, the condition of the birds, and to a less extent on the 
season. 

Artificial control** of egg production by restricted feeding 
and restricted lighting during the summer months is possible 
and such control may be used as a means of increasing the num- 
ber of fall chicks which may be hatched from hens. 

When a hen has her new feathers well grown, she is ready to 
go to work again Some birds will be ready sooner than others 
Two months is a safe average If the hens finish the laying year 
in prime physical condition, well fleshed, and heavy, the strain 
of molting will not be severe. They will get their feathers back 
quickly. Birds that have "laid themselves out" and are thin will 
need more time They must build up their weight as well as 
grow new feathers. For such flocks a longer rest period may be 
needed. 

WHEN TO STOP PRODUCTION When should the birds of a 
flock in average physical condition be thrown out of production'’ 
That will depend upon the time the first chicks are wanted. Let 
us assume that the first chicks are to be hatched on March 1 
First, allow the 2 months of rest, as indicated above, at the end 
of which time the lights will be turned on or the length of day 
increased in order to bring up the production. Allow one month 
before saving eggs (2 weeks to get the hens started and another 
I weeks for them to gel up to 50 per cent production or belter) 
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Good hatchability is not usually obtained xmtil production has 
reached a more or less steady level. Then, saving the eggs for 
one week plus 3 weeks for incubation makes a total of 4 months 
from the time the rest period starts to the time the first chicks 
hatch. Hence, for March 1 chicks, the prospective hen breeders 
should not be kept in production later than November 1. As 
pointed out above, in a well-conditioned flock, this time might 
be somewhat shortened. For instance, they might lay up to No- 
vember 15 and still give a good hatch for March 1. 

HOW TO STOP PRODUCTION. There are several methods 
of stopping production. One is to omit artificial illumination. 
Another is to move the birds to different quarters. A third 
method is to change the feeding. Eliminate wet mashes or milk 
if they are being fed, or omit the dry mash for a short time and 
feed more grain. In some flocks it may be necessary to resort 
to all these practices. 

When the birds stop laying and molt, the amount of grain 
should be increased. Heavy grain feeding should be practiced 
during the winter since this helps to build up the body weight. 

As soon as laying has stopped and the molt started, keep the 
grain in hoppers open all the time. It is not desirable to let the 
breeders become overfat. However, there is little danger of this 
unless the birds are several years old, In that case, it may be 
advisable to feed the grain in clean, dry litter to Induce more 
exercise. Keep the dry mash always available in open hoppers. 

MAINTAINING HEALTH AND VIGOR OF BREEDERS 

WINTER CARE OF THE MALES. There Is often a real prob- 
lem of feeding involved where the males are kept with the hens 
during the winter. On range, the cockerels have had full access 
to the grain mixture. For a time, the same condition exists in 
the breeding pen. Then the grain might be restricted to induce 
the hens to eat more mash. The males do not lake so readily to 
the mash and might not get enough grain to keep them in good 
condition because of the shortened grain-feeding period or be- 
cause they are too gallant. The result is that they become thin 
and Inactive, with consequent poor fertility. 

There are several ways to avoid this difficulty. One is to 
fasten boxes of grain along the wall out of reach of the hens but 
where the males, with their greater height, can reach them. The 
bo.xcs must be narrow so that the hens cannot get a footing on 
them. Another plan Is to divide the males into two groups and 
alternate these groups in the pen and in a coop, out of sight of 



428 


FEEDING POULTRY 


the rest of the flock, where they can catch up on their eating. 

Frozen combs and wattles often indispose the birds so that 
they do not eat enough. One cause of freezing is the wetting of 
the wattles while drinking. Fountains with narrow drinking 
ledges will largely overcome this trouble. 

Studies at Cornell have shown that cockerels attain their 
greatest body weight when exposed to 9 hours, or less, of 
daily. This fact is useful for poultrymen who house their breed- 
ing males in pens of pullets, exposed to 13 or 14 hours of ^’^ht 
daily during the winter, and find it difficult to keep them in good 
physical condition. Males will attain greater weight and belter 
condition if they are not exposed to supplementary illummation 
until the breeding season, or about 3 weeks before they are to 
be placed in the breeding pens, when they should be exposed to 
13 hours of light daily. 

GENERAL SUMMARY 

Any factor which affects the condition of the bird will affect 
the hatching results. Therefore a deficiency in any of the nutri- 
ents can be expected to influence results.” A lack of the vita- 
mins, especially, has produced lower hatchability. 

Assuming that the stock has been carefully selected for vigor 
and vitality and breeding performance, and that environmental 
conditions are correct, it will be more nearly possible to “count 
your chicks before they are hatched” by allowing the hens a 
proper rest, giving them access to sunshine, and providing a 
complete ration by feeding a variety of cereals, animal protein 
feeds, green food, and other vitamin concentrates. 


RATIONS FOR BREEDERS 

The requirements for some nutrients are greater for breeders 
than for layers. Still it is possible to formulate a variety of ra- 
tions for this purpose. Some representative recommendations 
for breeder rations will be found In the Appendix. (See page 572 ) 
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CHAPTER 15 


FATTENING OR FINISHING 
OF POULTRY 


Fattening or finishing poultry for the table Is one of the oldest 
practices of poultry husbandry. Brown' says: 

For a long period of tune, among Ihe dainties or finer dishes for 
the table, fowls of various kinds haie been recognized as holdmg ® 
leading place. E>en as far back as the days of Solomon we fiM in 
ture references to "fatted fowls.” though whether these 
ordinary poultry is a point which has led to some discussion we 
however, leave this controversial subject on one side, for 
no question that 4000 >ears ago the ancient Egyptians crammed tnei 
geese, and probably were the originators of the cramming system. A 
drawing, copied from one of the tablets in the P>Tamid of Sakkara, 
represents a man engaged in the work of cramming geese by means 
pators, or boluses, of food. 


Wright’s Book of Poultry* indicates that Pliny mentioned th® 
inhabitants of Delos as the first to prepare fowls artificially Wf 
the table, by which no doubt cramming is intended, and in his 
time there is no doubt that the luxury-loving Romans patronized 
crammed poultry extensively. 

Dickson' in his book on the general management of poultry 
gives information concerning early fattenmg practices. 

Poultry has been fattened in Europe for centuries. Further- 
more, the industry has been more or less localized in certain 
sections in the different countries. In England the counties of 
Surrey and Sussex have long been famous for their fatted chick- 
ens. In France the industry has been centered around La Bresse. 
and in Belgium around Malines. 


OBJECTS OR ADVANTAGES IN FATTENING 
Fattenmg should be looked upon as a finishing process. The 
carcass is improved or fitted for slaughter. In the process, an 
excess of nourishment is transformed into fat. The improve- 
ment IS both external and internal. In the first place, the size 
of the bird is Increased. The actual gain m weight will depend 
upon various factors which will be discussed later Externally- 
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the appearance of the bird is improved by making it more plump. 
The color of the flesh can also be influenced, making it paler or 
yellower according to the market preference. 

Not only is the size increased, but usually the proportion of 
edible parts is enlarged. Harshaw"* states that fattening resulted 
in about a 6 per cent increase in the total edible portion and that 
73 per cent of the gain in weight during fattening was represented 
in the edible portion of the bird. The percentage of breast mus- 
cle and leg muscle decreased with fattening while the percentage 
of the remaining edible portion increased. The increase in fat 
plus water, during fattening, was from about 85 to 92 per cent 
of the gain in the total edible portion. In the younger birds, the 
increase was greater in water than in fat, but in the oldest birds 
the reverse was true. The increase in protein was relatively 
small, and its ratio to the total edible gain tended to decrease 
with the age of the birds. 

Poley and associates* noted a tendency toward an inverse re- 
lationship between the fat and moisture content of edible meat. 

In comparing battery and range methods of finishing, an Increase 
was found in the percentage of fat in both fryers and roasters 
finished in the battery. The corn- and wheat-fed fryers and 
roasters had significantly more total edible meat on the car- 
casses than the birds receiving barley. The wheat- and barley- 
fed fryers and roasters had a somewhat higher percentage of 
light meat than those receiving corn. The corn-fed fryers and 
roasters showed a consistent tendency to deposit more fat in the 
light meat, dark meat, skin and subcutaneous fat, and the ab- 
dominal fatly tissue than the other two groups. They were fol- 
lowed in order by the wheal- and barley-fed groups, with sig- 
nificantly more fat in the carcasses of the corn-fed than in those 
of the barley-fed group. 

Fraps® reported tliat tlie substitution of cottonseed oil for part 
of the corn meal in a standard ration produced chicks with a 
much higher fat content. Subsillutton of feeds with a lower pro- 
ductive energy for the corn meal also produced chickens with a 
lower fat content. He suggests that there is probably an opti- 
mum fat content of the ration to produce chickens of good quality. 

One of the important results Is Uiu internal effect or improve- 
ment in the quality of the flesh. Tiny globules of fat are distrib- 
uted through the muscles. More Intercellular material is formed. 
\\hich sollcns the tissues and produce.s a ••marbling” effect. 

This results In greater tenderness, more juiciness, and belter 
flavor. 
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The increase In weight, as well as the external and Internal 
improvement, should secure an Increase in price per pound as 
compared with the unlinlshed chicken. 

METHODS OF FATTENING 

Various methods of fattening birds are practiced, varying 
from the highly intensive to the less Intensive as follows: (1) 
stuffing or cramming; {2) crate fattening; (3) pen fattening. 

STUFFING OR CRAMMING. In this method the birds are 
force-fed. It is practiced largely in European countries. The 
birds are closely confined In small and usually darkened coops. 
They are fed forcibly once or twice a day, which may be done 
In a number of ways. 

1, Cramming by Hand. The food is made into a stiff paste 

and formed into V 4 to 1 inch long and % to V 2 i"ch 

thick. These pellets are dipped Into whey or milk, inserted ii^ 
the mouth, and forced Into the crop. In France, masses of fow 
Instead of pellets are sometimes used. Obviously, this m.ethw 
Involves considerable labor. It is the method usually employed 
in ^^noodllng” geese. 

2, Cramming ^ Funnel . This method was used largely in 
Normandy. The food is in liquid form. A specially made funnel 
Is Inserted into the gullet and into the crop. The cream-like 
ration is spooned into the funnel until the crop is full. 

3, Cramming ^ Machine . The cramming machine consists 
essentially of a hopper or reservoir for the feed and a force 
pump, controlled usually by a foot pedal. A long tube, extending 
from the pump, Is inserted into the crop and the food forced into 
the crop until it is full. 

Cramming puts the final finish on the birds. In Sussex (Eng- 
land), the birds are placed m cages out of doors and fed for a 
week or 10 days from troughs. Then they are placed in sheds 
and crammed for another period of time, usually about 10 days. 

Schmidt’ reports that cramming showed better utilization of 
feed than free fattening. 

CRATE FATTENING. This method is used largely in the 
United States and Canada. Gutteridge and coworkers* reported 
the crate feeding of capons as being definitely superior to pen 
feeding. They also reported that crate fattening was greatly su- 
perior to ordinary range rearing methods for the production of 
gain. Increase in fat, and grading of the dressed bird. They 
concluded that crate feeding was the most efficient method and 
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was productive of very high quality stock; that caponizing for 
market was the next most efficient method and was very eco- 
nomical because of lower feed requirement during the rearing 
period and because of the high degree of fat even when killed off 
range; and that the killing of cockerels for market directly off 
range was the least economical procedure. 

The birds are placed in small crates or coops. The crates 
are usually constructed of wire or slats and have wire bottoms. 
The feed troughs should be suspended outside. 

PEN FATTENING. In pen fattening, the birds are confined 
to a small coop with or without yards. The birds are allowed 
more floor space than in crate fattening, usually about 2 square 
feet for old birds. For best results, the flock should be limited 
to 20 or 30 birds. They can be kept in pens for a longer period 
of time than in crates. This method is often used for broilers 
or young stock. 


PRINCIPLES 


The success of the fattening process, like success in other 
branches of the poultry Industry, depends upon a combination of 
factors, 

STOCK. In the first place, the birds must be healthy. Birds 
“off condition,” of low vitality, or Infested with parasites cannot 
be fattened profitably. Furthermore, the birds must be capable 
of fattening. Hens in prime laying condition will not gain by fat- 
tening. 

The general-purpose and meal breeds are best for fattening 
purposes. However, Leghorns make good gains up to 2 V 2 to 3 
months. 


QUARTERS. The pens or house in which the birds are fat- 
tened should be comfortable. They should be reasonably warm 
tn winter and cool in summer. However, Gullerldgo and O'Neil* 
reported tliat the temperature condition had no marked effect 
^pon the gains made, the lowest temperature (average 36.4 F.) 
‘knowing a tendency to superiority. A greater feed consumption 
''is evident at the lower temperature. Taklla.* comparing fowls 
iticned In winter (average temperature 5 ' C.) and in summer 
ti'erage temperature 27“ C.), indicated Hut the body fat of the 
ormer contained only about as much free fatty acid but more 
acid than of the latter. Clean quarters are necessary 
msuro keen appetites. The place should be quiet and free 
disturbance or excllemcnl. Subdued light will help to keep 



442 


FEEDING POULTRY 


the birds quiet. The object throughout is to restrict exercise 
and activity since they develop tough and hard muscles. 

LENGTH OF FATTENING PERIOD. The length of time de- 
pends upon keeping the birds on feed and the gains that are 
made. In crate fattening, gains will usually be made for 12 to lo 
days. In pen fattening, the period Is somewhat longer, about o 
3 weeks. The cost per pound of gain Is lowest the first part o 
the fattening period, but the process may be lengthened beyon 
the period of cheapest cost as long as gains are being made, m 
order to produce the best quality of flesh. The size of the chick- 
en also influences the most efficient length of fattening perio . 
Jull and Maw'" indicate a period of 10 days for large-sized birds, 
such as Plymouth Rocks and Rhode Island Reds (weighing 4 
pounds or over), and 14 days for medium-sized birds (weighing 
about 3 pounds). Guitendge and O’Neil* conclude that, for well- 
reared cockerels of roaster age, 2 weeks of fattenmg gave 
greater and more economical gams and fat increase than 1 
but 3 weeks of fattening was not justified by the results obtained. 

MANAGEMENT PRACTICES. In order that they will eat the 
fattening ration greedily, birds should not be fed for the first 24 
hours after they are placed in the crates or the pens. 

The total food intake is related to the number of feeds per day. 
>^160 comparing two, three, and five feeds dally, Maw“ reports 
that two feeds daily for 10 days ^ve definitely smaller gains 
than three or five feeds. The figures indicate that birds getting 
a larger number of feeds per day convert more of the feed con- 
sumed Into gain. On the other hand. Guttendge and O'Neil re- 
port that, in crate fattening, two feedings daily were as efficient 
as three feedings for weight gain and fat increase. 

For fattening on the farm, it has been found that feeding twice 
a day has given satisfactory results because the feedings can be 
more nearly equally spaced. There is less danger of overfeed- 
ing when feeding two times a day. The birds should be fed all 
they will clean up readily morning and night. Great skill is re- 
quired to feed for best results in fattening, as the feed should 
be removed just before the bird has eaten enough. 

If at any time the birds go “off feed,” one feeding should be 
omitted. Clean pails and troughs will help to prevent this con- 
dition. 

Sometimes feather picking develops. This may be overcome 
by feeding fresh meat or extra meat scrap. Also methods of 
handling the poultry before fattening should be better, and starv- 
ing should not be too lor^. 
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FEEDS AND RATIONS 

Fattening rations are usually restricted and need not be so 
complete as rations for other purposes, since the birds are not 
dependent upon them for a long period of time. 

Whole or cracked grains are not used in fattening rations, ex- 
cept possibly as a light feeding in pen fattening. In a test con- 
ducted in Missouri^* birds fed on shelled corn gained Vs pound 
in 3 weeks while birds fed on corn meal and buttermilk gained 
1/2 pound in 2 weeks. The cost per poiind of gain on the whole 
grain was 4 to 8 times as much as on the finely ground grain 
and buttermilk. 

Grit, shell, charcoal, salt, and other accessory feeds are un- 
necessary and only add to the labor and expense. Green food 
usually is also nonessential, although sometimes it is given once 
or twice a week as an appetizer. Usually water is not given as 
such, but it must be kept in mind that less water is needed in 
cool than in hot weather. In very hot weather it may be neces- 
sary to give the birds water to drink. Gulteridgc and O’Neil.^ 
however, reported that the gain in weight of Barred Plymouth 
Rock roosters was Increased when the birds were permitted ac- 
cess to drinking water between feedings. 

The ground grains arc mixed with the liquid until the feed 
runs readily in hot weather and drips freely In cool weather. 
Hence more liquid is used In hot weather. It usually takes about 
1 pound of dry feed and 2 pounds of buttermilk to produce a 
sloppy mixture. In some places, particularly England, the feed 
is allowed to stand a number of hours to produce fermentation. 

FEEDS. A variety of feeds arc used In fattening rations. In 
the main, they are fairly concentrated and usually finely ground. 
In England the fattening ration is composed largely of ground 
oats; In Belgium buckwheat meal is used; in France the ration 
is made up largely of buckwheat meal and barley meal; in the 
United Stales corn meal is most often used. 

Cereals and By-Products . Maw and coworkers‘*’ show that 
Ihe^ Imllvlduarcoreals, yellow corn, wheat, oats, and barley, as 
ground whole cereals for fattening purposes, vary in their effect 
on the gains made and the quantity and nature of the fats pro- 
duced in the growing chicken. These grains Influence the amount 
of fat dejxjslted in the body in a definite order, corn being su- 
perior. with uheat, oats, and barley following in this order. The 
color of the fat In the carcass and the percentage of fat in the 
edible meal .ire also influenced by the cereal fed. 

llcsults definitely show that the different cereals cause the 
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deposition ol fats in different manners. Corn 
high percentage of the total body fat to be deposited ^ 
and less fat in the abdominal cavity and in the skin of the bir , 
whereas the cereals, barley, oats, and wheat show the reverse 
in varying degrees. The corn flesh showed the highest flavor 
and was moist, whereas the wheat flesh lacked flavor and was 
dry. The barley and oat flesh were intermediate. 

Such factors as the age of the stock being fed and the length 
of the feeding period have a bearing on the results ^ 

The ground whole-oat ration was found to equal ground hull- 
oats in feeding broiler slock. With mature roaster stock, wheat 
and corn were found to be superior to oats in a 21-day fee mg 
period, although on a 7-day period wheat and oats were of 
value, with wheat superior to corn or barley. The single 
were equal to the best combinations of two or three cereals, o 
significant differences in the distribution of fat in the body wer 
found, as between the single or combined cereals with 5-po^ 
roaster stock. The body fats were found to differ widely ^in io- 
dine value and color, according to the cereal used. Maw re- 
ports the iodine value of fat from corn-fed birds to be 67.4, 
from wheat-fed birds to be 65.7, from oat-fed birds 63,2, and 
from barley-fed birds 56.5 

Guttendge and coworkers*’** report that corn gave superior 
gain to all other feeds (wheat, oats, barley, cooked potatoes) 
Ground buckwheat gave as great gains as yellow corn but re- 
quired considerably more feed per unit of gam and was inferior 
to corn in its ability to increase fat. Ground oats and ground 
barley were of approximately equal value. However, ground 
hulled oats, when coarsely ground, were superior to ground yel- 
low corn for fattening Jeffrey** states that corn proved to be 
superior to oats in improving the eating quality of roasters 
under conditions of pen fattening. The oat-fed birds, however, 
were superior in desirable flavor of fat McMurray** indicates 
no significant difference in gain between Sussex ground oats and 
barley meal. Poley and associates* state that, when judged by 
the amount of feed required to produce a unit of gain m body 
weight of fryers during the growing period, wheat was most effi- 
cient, followed in order by barley and corn. In growing rations 
for roasters, the gain-feed ratio was practically the same for 
corn and wheat, but somewhat more barley was required for the 
same gain in body weight. In the finishing rations tested, corn, 
wheat, and barley ranked in this order of efficiency 

In groups of Light Sussex cockerels, fed for 12 days on a ra- 
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tion of 12 parts of dried skimmilk and 88 parts of Sussex ground 
oats, maize meal, or barley meal, Cruickshank'® reports that 
the softest fat was produced by oats in mature birds and by 
maize in immature birds. Barley produced harder fat in both. 
Maize had no detrimental effect on the consistency of the fat in 
either mature or immature birds, when fattening was rapid and 
live weight gain satisfactory, but it produced a harder fat than 
was produced by a ration of mixed cereals with a protein sup- 
plement. 

Gutteridge and O’Neil® report an associative complementary 
effect brought about by combining grains (ground oats and yellow 
corn). They also report that line grinding of the grains was 
slightly superior to coarse grinding. 

Corn oil meal is a desirable Ingredient for fattening rations. 

It has the ability to absorb large quantities of liquids, and it has 
been reported to be able to hold two to seven times Its weight in 
liquid. The fat in the corn oil meal also helps to give the bird 
finish. 

Other feeds used are wheat middlings, low-grade flour, oat 
meal, oat flour, pea meal, barley meal, buckwheat middlings, 
buckwheat flour, graham flour, and hominy. More corn meal 
can be used In cool weather. The amount of middlings and 
ground oats are advantageously increased in hot weather, owing 
in part, perhaps, to the ability of these feeds to retain more 
water. Feeds vary widely In their nature to absorb water. Maw‘" 
indicates that the following feed-water ratios have been found to 
exist: Corn, 1:1.3; barley, 1;2; oats, 1:2.5; wheat, 1:1.75; mi.x- 
lurcs of any two of these cereals. 1:1.5; mixtures of any three 
of these cereals, 1:1.65; cereal mixtures plus supplementary 
fats, 1:1.6. A study at the Kansas Experiment Station” gives 
Information on the milk-absorbing capacity of eight single- 
ground grains and iwo-grovmd grain mixtures. When the grains 
were allowed to soak in milk at room temperature for 24 hours, 
the quantity of milk absorbed ranged from 21.1 gallons per 100 
pounds of ground milo to 67.1 gallons per 100 pounds of ground 
whole oats, all others failing within a range of 30 to 45 gallons. 
There was no apparent relation between the moisture content of 
the grain and (he amount of milk it would absorb. 

Potatoes . Experiments reported from Germany^* indicate 
that |x)tato Hakes, with an adequate protein supplement, may be 
used as the chief component in the ration. Potato silage and 
steamed potatoes may aLso be fed so long as the protein ratio 
ts adjusted. U \fcaa also reported to be uneconomical to use po- 
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tatoes in fattening young cockerels as compared with swme. In 
particular instances, however, when poultry brings a corre- 
spondingly better price than pork, feeding potatoes may be 
profitable. Potato flakes are more economical to use than old 
stored potatoes in which much of the nutriment may be lost. 
Gutteridge* reported that potatoes, either raw or cooked, and 
mash (equal weights) were definitely inferior to mash alone. 

Sugar Beets . Sugar beet slices**' ** gave good results in fat- 
tening experiments in Germany. The authors concluded that, m 
the fattening food, up to 50 per cent of dried sugar beet slices 
can be used but they must be cut extremely small Their food 
value is equal to that of crushed barley. 

Milk. Liquid buttermilk and skimmilk have been considered 
an essential ingredient of all good fattenmg rations. They seem 
to whiten and soften the flesh. However, experiments at the 
Missouri Station** show the value of other forms of milk for 
fattening poultry. The most satisfactory gains and highest per- 
centage of initial weight packed were obtained when 10 per cent 
of dried skimmilk was fed; the lowest dressing loss was ob- 
tained when 5 per cent was led At the feed prices used, 5 per 
cent of dried skimmilk and liquid buttermilk produced the cheap- 
est gams; condensed buttermilk produced the most expensive 
gams. Condensed buttermilk produced the highest quality birds, 
with 93.6 per cent No. 1; 10 per cent dried skimmilk ranked 
next with 90.4 per cent No. 1 birds. Experiments m Germany 
also showed milk as the best protem addition for fattening. 

Milk is best used as a moistener lor the fattening mash 
Trials in Canada** showed that dry mash and milk fed separate- 
ly ad libitum, gave much less satisfactory gains than when the 
two were mixed m the proportions of two parts skimmilk to one 
part of mash and supplied as two feeds per day. But the latter 
method gave optimum results only if the birds were kept in 
crates. Skimmilk, as a mixer" for a fattenmg mash, gave very 
greatly superior gains to water and was also somewhat more 
efficient in the production of fat. The benefit of skimmilk was 
not accounted for by mixing pure crystalline riboflavin wnth 
water. 

Protein Concentrates . Wth a mixture of two or more staple 
grains, sour skimmilk is necessary to produce the best results. 
Without milk, meat scraps can be used to advantage." Jull and 
Maw conclude that 10 per cent of meat scrap is justified but 
20 per cent Is not justified. Where milk is used, meat scrap is 
unnecessary and its use not justified. 
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Results at North Carolina** indicate that animal proteins 
could not be replaced by vegetable proteins, and in tests lasting 
1 week substantially equal gains followed the use of digester 
tankage, blood meal, soybean meal and dried milk, and meat 
scrap. Experiments in Germany*’ showed that fresh blood 
proved advantageous for fattening ducks and cockerels. 

Fats . Fat or tallow is sometimes added to the ration. In 
England fat, preferably mutton fat, is included during the last 
10 days of fattening. However, experiments at the South-East- 
ern Agricultural College** show no appreciable difference in 
the gains produced by mutton fat or palm oil. In fattening trials 
in Canada®’ ** the addition of 5 per cent of mutton fat to a fatten- 
ing ration increased the gain by 18 per cent, the efficiency of 
use of feed by 27 per cent, the increase in percentage of fat by 
15 per cent, and the percentage of A grade birds by 17 per cent. 
A desirable fat of firm texture was produced. A level of 10 per 
cent of mutton fat had a tendency to imparl its flavor to the fat 
of the bird. Corn oil, while giving very satisfactory gams and 
fat increase, did not maintain either gains or increase for as 
long a period, and a fat was produced which was decidedly soft, 
oven to the extent of producing some fluid fat in the abdomen of 
some birds. 

Voitellier*® states that the nature of the fat in the feed will 
Influence the nature of the fat in the animal and thus determine 
the taste, odor, and culinary quality of the flesh of the hens. 
Cruickshank** showed that the ingestion of high percentages of 
saturated fatty acids in the form of palm kernel oil and mutton 
fat definitely increased the degree of saturation of the mixed 
fatty acids of the depot fat, while the ingestion of unsalurated 
acids In the form of hempseed resulted in a marked and rapid 
increase in unsaturation. 

Maw“’ reports on the feeding of supplementary fat as fol- 
lows. Hard fats (mutton fat) arc difficult to feed, whereas soft 
fats, such as vegetable oils, are easily Incorporated with the 
meal mixtures. Certain oils affect the flavor of the meat. Corn 
oil produces a very satisfactory flavor, whereas cotton oil 
practically causes a loss of flavor, or a very unpabtable, flat- 
fat flavor. Peanut oil produces a sweet flavor in the meat. The 
effect of feeding additional fat in the form of crude corn oil Is 
to increase the amount of fat In the skin and the abdominal fatty 
tissue. Such results make for a belter finish. Small stock, such 
as broilers, show the effect more strongly than largo roasters 
Some quality loss has been reported due to bile slain In stor- 
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age. Maw and Nikolaiczuk” report a bile depletion nje'l'o'i, in- 
volving preslanghter lat leeding, to eliminate 
stored dressed poultry. Preliminary experiments demonstrate 
that the Inclusion ol approximately 25 per cent ol 
tonseed oil, added m the Iinal or last two feeds prior to = 

Is effective in depleting bile volume sufficiently to overcome ex 
tensive stain damage in dressed broiler and roaster carcasse 


curing siorage. . 

Miscellaneous Feeds. The Hawaii Station” reports 
tening rations containing avocados, bananas, and sweet ^ * 

mixed with wheat middlings, yellow corn meal, or with both, 
proved to be efficient for the production of broilers and roasi 
of fine quality. ,, 

Green cut bone has also been used to advantage In small 
amounts as an occasional appetizer. 

Gutteridge and O'Neil* report that the addition of bone meal 
to the fattening mash, at a level of 5 per cent, has no benellcva 
effect upon gains, fat increase, or whiteness of the dressed 


carcass. 

HORMONES. Hormones have been fed for their effect upon 
the carcass. The estrogenic hormones produced in the ovary 
cause an increased deposition of fat under the skin, in the ab- 
dominal cavity, and in the muscles. The estrogenic hormones 
should be of greatest use in fattening and finishing male fowls. 
Adult females are less likely to be improved as most of them 
are supplied with their own natural estrogen. The treatment 
should be useful for broilers of both sexes since they ordinan y 


grow too quickly to accumulate much fat. 

Lorenz” reported that tissues of birds receiving subcutaneous 
pellet implants of the estrogen, dielhylstilbestrol, had striking 
and consistently greater lat content. Growth was also affected 
by the treatment. The greatest difference was obtained at 8 
weeks of age (after 5 weeks of treatment). The meat quality was 
improved. This was especially noticeable in older birds, which 
normally have tough, darkened meat. The treated bird’s meat 
was paler and considerably more tender. Oral administration 
was decidedly inferior to pellet implantation, but it has certain 
advantages. Turkeys also showed a distinct increase in abdomi- 
nal fatty tissue. The maximum effect was produced after 44 
days of treatment. 

In trials at Cornell, in which one pellet (15 to 20 milligrams) 
of diethylstilbestrol per bml was implanted under the skin of 
old male fowls and left for 3 to 5 weeks, the treated birds ex- 
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controlled amounts since grouth la depressed >• 

creased as the levels of thyroxine are Increased, Combinations 
ol thyroprotem and thiouracll or stilbestrol have also been shonn 
to be effective. 

THE RATION. Studies at the Animal Nutrition Instttuie, 
Cambridge, England," Indicated that the principal change In the 
composition of adult fowls during fattening was an increase n 
fat content of the body, with relatively small increases in body 
protein. Rations composed of dried skimmllk and Sussex gro 
oats In proportions of 5:95 (12.47 per cent protein) were utilized 
with equal efficiency by fattening fowls. Results reported from 
Canada^'*’* also show little effect of the amount of protein on 
gains In the 21-day fattening period and show that the protein 
and fat content of the thigh muscle are not significantly influ- 
enced by different protein levels in the fattening ration. 

In young birds the finishing process involves growth as well 
as plumping. Hence rations containing a larger amount of pro- 
tein have given better feather growth and greater gains, 

In compounding the ration, feeds should be selected to give a 
basic reaction. Solun and Schuster** indicate that the mainUn- 
ance of the aetd-base balance in the organism Is to be looked 
upon as one of the main factors regulating the appetite of the 
fowl and determining the results of fattening. 


EXPERIMENTAL RESULTS AND GAINS 
Increase in weight is one of the results of the fattening or 
finishing process. The amount which the birds will gam depends 
upon the age of the bird, the condition of the bird, the method of 
fattening, and the degree to which the various requirements are 
met. In growing birds, more economical gams are made during 
the earlier periods. The relation existing between the increase 
m live weight and the consumption ol food is shown m the follow- 
ing data from Italy.** For each kilogram mcrease in the live 
weight of Malines Coucou, approximately 2V2 kilograms of feed 
were required for chickens under 2 months; 3 kilograms of fee® 
for chickens ol 2 to 3 months; 3.9 kilograms for chickens of 3 
to 4 months; 4.17 for chickens of 4 to 5 months; 4.80 for chick- 
ens of 5 to 6 months; 6.60 for chickens of 6 to 7 months. 

Broilers show the greatest gams since they are still growing 
rapidly. The North Dakota Station** reports cockerels showing 
gams of 28 to 38 per cent. The Missouri Station** indicates 
broilers as gainmg 24 to 30 per cent, with an average of 26.3 
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per cent. Results of fattening under the direction of the United 
States Department of Agriculture^* show an average gain for 
broilers of 32.3 per cent. The gains in the case of broilers rep- 
resent largely growth increases. Well-grown broilers require 
little or no special fattening. This is particularly true with the 
high-energy rations being fed at the present time. 

Roasters and hens do not make as large gains as younger 
birds. The Missouri Station** Indicates gains for roasters of 
13 to 15 per cent, with an average of 14.3 per cent; and lor hens 
13 to 14 per cent, with an average of 13.5 per cent. The United 
States Department of Agriculture** indicates an average gain of 
12.1 per cent for roasters and 10.4 per cent for hens. 

FATTENING RATIONS 

Some typical fattening rations as recommended by a number 
of experiment stations will bo found in the Appendix. (See page 
580.) 
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CHAPTER 16 


FEEDING TURKEYS 


The feeding of turkeys, especially the young stock, has under- 
gone considerable change. It is only natural that it should follow 
in the wake of the advances made in chick feeding. As was also 
true of chicks, the older methods of feeding were usually com- 
plicated and laborious. The following statement taken from the 
bulletin “Raising Turkeys in Wisconsin’*^ describes the old 
order. 

For a long time a turkey ration was used that changed m amount, com- 
position, and time of feeding each day. The principal ingredients were 
cracker crumbs, stale bread, boiled eggs, dandelion greens, lettuce, and 
milk; and no one ever had any plausible reason for using a ration of that 
sort. It was just accepted. 

At the present time turkey rations are being developed along 
the same lines as chicken rations. The information gained in 
the feeding of chickens is being applied to the feeding of turkeys. 
In fact, many persons have used the usual poultry rations with 
fairly good success, especially where the turkeys have good 
range. The chicken rations arc not the best, however, since in 
many respects the requirements of turkeys differ from those of 
chickens. Turkeys show greater relative gains than chickens, 
especially early In life. These greater gains are reflected in 
larger demands for some of the nutrients. This Is particularly 
true for energy, protein, and unidentified vitamins.* 


REQUIREMENTS OF THE TURKEY R/VTION 
PROTEIN. Most experiment stations now recommend high- 
protein rations for young turkeys. This no doubt is necessary 
because of the greater rale of growth. The California Station’ 
showed that turkey poults require more protein than chicks. 
Funk* pointed out tlial turkeys make greater relative gains than 
chickens and Hut there Is a relation betucen early and later 
grouth. 

In 1932 the Pennsylvania Station* Indicated the protein re- 
qulrcmenl of ixjulis, based on the amount of milk consumed by 
4S7 
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them, to be 26 per cent for the first two weeks, 21.7 P” “"I, 
the third week, and 19.5 to 21.3 per cent for the fourth to eight 

''simUarly,' results from other sources'’ show 
tages and necessity of hlgh-proteln rations for starting 

In turkey feeding trials at the Washington Station, In which 
the birds had free access to both grain and mash, ttey consume 
19 per cent scratch grain and 81 per cent mash from Ih® 
to the sixteenth week, as compared with 72 per cent scratch 
28 per cent mash during the last four weeks of the trial. The 
protein content of the feed consumed averaged 13 per cent at 


end of the twenty-eighth week. . 

In experiments reported by the U. S. Department of 
ture,* in which mash and scratch were fed ad libitum, with t e 
protein content of the mashes ranging from 18 to 30 per cen , i 
was found that the ratio of mash to gram consumed varied in- 
versely with the protein content of the mash. During the first 
weeks, the average live weight of the several lots was, in gene » 
In the same order as the quantity of protein consumed, Howeve » 
after 16 weeks the gains per 4-week period were not so 
associated with the quantity of protein consumed. The ^ . 
the mash that contained about 28 per cent of protein weighed th 
most at all ages after 12 weeks, and those fed the mash that co 
tained about 18 per cent of protein weighed the least at all 
Between 21 and 28 weeks of age, the turkeys consumed mash an 
grain in such proportions as to provide a ration averaging abou 
16 per cent protein. The quantity of protein consumed had no 
consistent effect on mortality or malformation of leg or breas 


bones. 

The results to date would Indicate that for the most rapid an 
economical gains the protein level of a turkey starting ration 
should be 28 per cent. After 8 weeks a growing ration containing 
20 per cent protein Is sufficient. In the later growing period 
(after 4 months) the protein can be reduced to 16 per cent. The 
breeding ration should furnish 15 per cent protein. 

AMINO ACIDS. Some information has also been obtained 
concerning the amino acid requirements of turkeys. The 
nine* requirement has been placed at 1.35 per cent for the start- 
ing ration. Approximately 0.8 per cent of the sulfur amino 
acids" were required lor optimum growth in a ration conUln- 
Ing 24 per cent crude protein. This amount includes a minimum 
of 0.5 per cent methionine. Methionine may completely replace 
cystine, but cystine Is not changed to methionine. 
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Lysine^^ is necessary for growth and the prevention of the 
occurrence of white feathers in Bronze turkeys. The require- 
ment has been placed at 1.3 per cent, although this requirement 
may be increased under certain conditions. 

Methionine and lysine appear to be the limiting amino acids 
on low-protein turkey poult diets. Supplementing a 20 per cent 
corn-soybean diet with lysine and methionine has produced 
growth equivalent to a 28 per cent protein ration.** 

Approximately 0.9 per cent of total glycine** has been re- 
ported as the smallest amount which is necessary for optimum 
growth. Glycine may be concerned with “hock trouble" which 
occurs in turkeys. 

The tryptophan*^ requirement of the poults has been reported 
as being 0.19 to 0.28 per cent. 

MINERALS. A proper amount and a balance of minerals are 
necessary. For the growing poult, calcium and phosphorus must 
be furnished in largest amounts. The quantities to furnish will 
depend somewhat on the amount of vitamin D present.** Mussehl 
and Ackerson** report that growing poults are able to adjust 
themselves to a considerable variation of the calcium-phosphorus 
ratio. When the vitamin D was withheld, the poults receiving the 
higher levels of calcium, provided by calcium carbonate, ap- 
peared to adjust themselves best to the vitamin limitation. 

The calcium and phosphorus requirements**’ *’ vary somewhat 
depending upon other factors. The rate of growth might have 
some influence. A smaller amount appears more satisfactory 
for growth than for good bone calcification. The calcium re- 
quirement has been indicated as being 1.6 per cent to 2.0 per 
cent. A diet containing 0.6 per cent of available phosphorus has 
given excellent calcification. 

The total phosphorus of the ration should not be loo high since 
It might aggrav'ate the occurrence of perosls and decrease growth. 
However, U»e ration must have sufficient manganese and choline** 
and niacin to secure proper bone development and prevent pero- 

Uaually one-haU to 1 per cent of sail is added to turkey ra- 
tions. Turkeys have been reported to tolerate salt up to 4 per 
cent of the ration.** The oilier minerals are ordinarily present 
in sufficient amounts in the average practical ration. 

VITAMINS. The same vitamins arc necessary for turkeys as 
for chickens and arc supplied In the same feeds. However, spe- 
cial consideration must be given lo species reactions or rcqulrc- 
njrnts. Turkeys require larger amounts of \tumlns than do 
chickens.** 



FEEDING POULTRY 


Vitamm A. The vitamin A requirement of poults is higher 
thS^hrcks. Sherwood" 

twice the amount of vitamin A as do chickens, o 

thin thoK receiving white com. They attribute the ddference 
li^pTss'bL vSn A deliclency due to drought conditions, 
which did not permit the growth ol vegetation 

Hinshaw" observed in turkeys ^e per- 

dehydrated alfaUa meal as the source of vitamm A 
centage of mortality associated '"‘*h ^Uty due 

versely as the amount of alfaUa in the ration. No 
to A-avitamlnosis occurred m turkeys receiving either 8 per 
cent of dehydrated alfalfa meal or freshly cut allaua 
The vitamin A requirement” of turkey poults has been 
ported as ranging trom 500 to 700 International units per too 

^ VitammD. In applying the feeding ol cod liver oil to tokeys^ 

to prevent rickets, it was soon noticed that the 1“';''®? ® “Lj 
ment ol this vitamin was greater than the chicken s. This m 
shown by the Kansas workers" when they reported that lurk^ 
developed rickets earlier than chicks. Baird and Greene . 

that chickens weighing 1000 grams or better at 12 weeks rM 
a minimum of approximately 18 U.S.P. units of vitamin P 
grams of feed, whereas turkeys weighing 1900 grams or b 
In 12 weeks required a minimum of 60 to 70 U.S.P. units o 
min D per 100 grams of feed. Other workers*’ have 
eluded that 70 to 100 A.O.A.C. (52.5 to 75 International chickl 
units of vitamin D per 100 grams of ration seemed to be amp 
for satisfactory calcification in the poult. 

Murphy** reported that the requirement for poults appea 
be 175 A.O.A.C. (131.25 International chick) units of vitamin 
per 100 grams of feed. Jukes and Sanford,** using a fish-oi 
blend as the source of vitamin D, (included, in 1939, that ^ ^ ^ 
the vitamin D requirement ol turkeys cannot be precisely s 
in terms of A.O.A.C. chick units, the value of 200 chick units 
per 100 grams of diet was approximately the amount require 
support normal development of turkeys to 4 weeks of age. 
they found this to be true for one source of vitamin D but not 
tvio other sources of the vitamin. » 

The above difference can be eiqilained by later experimen • 
which show that the source of phosphorus influences the effici 
ency of vitamin D, that the response of turkey poults to vitamm 
D from different sources is not the same, and that the poult u i 
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lizes certain forms of vitamin D with degrees of efficacy that 
differ from the chick, and hence vitamin D potency expressed 
in chick units is not necessarily a true measure of the value of 
a vitamin D supplement for turkeys. 

Robertson, Rhian, and Wilhelm’* showed that the growth of 
poults to 4 weeks of age on a ration devoid of vitamin D was in 
direct proportion to the level of vitamin D in the breeding hens’ 
ration. The effect of the level of vitamin D in the hens’ ration 
upon the response of poults is greater the first two weeks, and 
thereafter the influence of vitamin D in the poults’ ration is 
greater. Wilhelm, Robertson, and Rhian” reported no benefits 
in egg production or hatchability from the addition of cod liver 
oil beyond 100 units of vitamin D per 100 grams of ration. 

Vitamin E. Vitamin E has also been reported as benefitting 
the hatchability of turkey eggs.” 

Riboflavin . Riboflavin deficiency in turkeys is characterized 
by retarded growth, dermatitis, perosis, and poor feathering.” 
Most turkey rations containing a large amount of milk have given 
good growth, owing in part to the fact that the milk furnished 
enough riboflavin. Experiments at Cornell indicated that turkey 
rations for the first 4 weeks should contain a minimum of 320 
micrograms of riboflavin per 100 grams of feed. During the 
second 4-week period the riboflavin requirement dropped to 200 
micrograms. Alter the turkeys were 8 weeks old, the riboflavin 
requirement was not greater than 140 micrograms. The quanti- 
tative requirements for riboflavin for the first two periods of 4 
weeks each were in proportion to the relative growth rate. The 
riboflavin requirement of turkeys was approximately 25 per 
cent greater than for chicks at the same age, which represented 
roughly the difference in the rale of growth of these two species. 
Jukes,” however, did not find such difference but reports that 
the riboflavin requirement for poults is about the same as for 
chickens. 

The Nebraska Station” reported that turkeys have a relatively 
high vitamin B requirement. Since this conclusion was based on 
the feeding of yeast. It Is probable lhat the response was due to 
the riboflavin of the yeast. 

Other reports*’ have indicated the riboflavin requirement for 
normal growth and liatchablllty to be between 270 and 350 micro- 
grams per 100 grams of ration. 

Pyridoxinc . The California Station** reported pyrldoxlnc de- 
ficiency la turkeys similar to that In chicks, being cluractcrlzcd 
by loss of appcUte, ix)or growth, apathy. hypcrcxclUbllUy when 
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disturbed, convulsions, and death. The requirement was indi- 
cated as 300 micrograms per 100 grams of ration. 

Chohne. Choline” has been shown to be necessary to p - 
vent perosls. The requirement for poults has been indic 
being 800 to 1100 milligrams per pound. The requiremen 
turkey breeders is lower, 370 milligrams per pound being re- 
ported as sufficient for hatchabihty. 

Folic Acid . A deficiency of folic acid will result . 

growth, cervical paralysis, anemia, and high mortality, b 
of the reports indicate the requirement for poults as 
micrograms per 100 grams of feed. Approximately half that 
amount seems to be sufficient for hens. 

Niacin. A deficiency of niacin*^ will result in retarde 
growth, perosis, diarrhea, poor feathering, mouth inflamma i . 
and high mortality. The deficiency symptoms were 
by Including 3 to 5 milligrams of niacin per 100 grams of rat 
Higher levels may be needed for optimum growth, at least o 
milligrams probably being necessary. Niacin also helps in p 
venting the enlarged hock condition. 

Pantothenic Acid . A ration deficient in pantothenic acid 
will result In slow growth and dermatitis of the mouth. Appro 
mately 10.5 milligrams per kilogram of diet are required for 
optimum growth. 

Biotin. The Pennsylvania Station^’ concluded that biotin p 


tected turkey poults from dermatitis. 

Vitamin Bi2 - The vitamin B 12 requirement for starting tu 
key poults has been reported as 5 to 10 micrograms per kilo- 
gram of ration.^* 

Other vitamins as yet unrecognized are also essential. Th s 
is true for at least one factor Involved in the production of the 
enlarged hock disorder in turkeys.^ 

FIBER.** Turkeys can tolerate more fiber than can chickens. 
Good gains and good quality have been reported for growing 
turkeys with diets containing up to 20 per cent. However, feed 
efficiency was best with lower levels. Quality of plumage was 
Improved and feather pulling retarded with the higher fiber ra- 
tions. The level of fiber In the mash did not affect weight since 
the per cent of whole grain selected was related to mash fiber 
Icieis. 


SUMMARY. As a summary of the information available to 
date, the nutrient requirements for turkeys are indicated by the 
Committee on Animal Nutrition of the National Research Coun- 
cil*’ (Table 30). The figures do not Include margins of safety 
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TABLE 30. NUTRIENT REQUIREMENTS* OF TURKEYS 



Starting 

Poults, 

Growing 

Turkeys 

Breeding 


0-8 weeks 

8-16 weeks 

Turkeys 

Total protein, %t 

28 

20 

15 

Vitamins 

Vitamin A activity (U.S.P. units)t 

2400 

2400 

2400 

Vitamin D (I.C.U.)5 

400 

400 

400 

Riboflavin, mg. 

1.7 

7 

1.5 

Pantothenic acid, mg. 

5.0 

? 

? 

Choline, mg. 

750 

? 

? 

Folacin, mg. 

0.4 

? 

? 

Minerals 

Calcium, %ll 

2.0 

2.0 

2.25 

Phosphorus, %1[ 

1.0 

1.0 

0.75 

Manganese, mg. 

25.0 

? 

15.0 

Salt, 

0.5 

0.5 

0.5 

Amino acids, % 

Arginine 

1.6 

— 


Lysine 

1.5 

— 

— 

Mothioninett 

0.87 

— 

— 

or 

Methionine 

0.52 

— 

— 

Cystine 

0.35 


— 

Tryptophan 

0.26 

— 

— 

Glycinett 

1.0 

— 

— 

Isoleuclnc 

0.84 

— 

— 


*In percentage or amount per pound of feed. 

tThe protein content of rations for growing turkeys from 16 weeks 
to market weight may be reduced to 16 per cent. 

JMay be vitamin A or pro-vitamin A. 

S International chick units. 

llThls amount of calcium need not be incorporated in the mixed feed 
Inasmuch as calcium supplements fed free choice are considered as part 
of the ration. 

I At least 0.50 per cent of the total feed of starting poults should be 
inorganic phosphorus. All the phosphorus of nonvegctable feed ingredi- 
ents is considered to be inorganic. Approximately 30 per cent of the 
phosphorus of vegetable products is nonphytln phosphorus and may be 
considered as part of the inorganic phosphorus required. Presumably a 
portion of iho requirement of growing and breeding turkeys must also 
DO furnished in Inorganic form. 

** This figure represents added salt or sodium chloride added as 
such or in marine or fermentation products of high sodium chloride 
content. 

tt Cystine will replace methionine as long as the ration contains 
not less than 0.52 per cent methionine. 

It Glycine can be synthesized, but the sjuthcsls docs not proceed 
^ a rate sufficient for maximum growth. 
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to compensate tor possible losses ot vitamins Processing, 

transportation and storage, and tor variations m oompositio 

and in environment. In earlier reports the National Researc 
Council suggested allowances which Included margins ol saJeiy 
ot 66 per cent tor vitamin A. 50 per cent lor vitamin D, and au 
per sent for the water-soluble vitamins. 


MAKING UP A TURKEY RATION 

Most of the common cereals have been used in turkey ra- 
tions.^*'“ No appreciable differences in the rate of grov-th av 
been reported for corn, wheat, oats, barley, rye, milo or 
sorghums, and proso millet. However, oats showed a lower e 
efficiency. 

The Wyoming Station** reported on the influence of various 
feeds upon the quality of meat in turkeys. None of the grains 
any significant effect on the dressing shrinkage, but the 
and wheat-fed birds averaged a higher market grade. Oats an 
corn produced softer fats than barley or wheat, with rye inter 
mediate. Oats produced a more mtense and desirable aroma in 
the roasted bird. Corn, oats, and rye produced a texture of 
breast meat superior to the texture produced by wheat and bar- 
ley. The corn-fed birds were slightly more tender when roas 
and had the greatest amount of juice. Corn gluten meal produc 
a decidedly yellow-colored dressed turkey. Dry skimmilk 
duced a less intense aroma in the breast meat. Soybean oil me 
and cottonseed meal produced a coarser texture in the breas 
meal after roasting The least desirable flavor was found m 
birds fed cottonseed meal. Corn gluten meal produced a better 
quality of juice than any of the other concentrates. 

The Utah Station** reported that alfalfa meal could be fed in 
large quantities to growing turkeys and could be used up to 3 
per cent of the mash when a good grade of alfalfa meal could e 
purchased at a lower cost per pound than ground wheat, barley, 
or millrun bran and shorts. 

The California Station** indicated that raisins may be used as 
a cereal substitute m rations for growing turkeys, replacing 3 
per cent of the grain portion or 16 per cent of the entire ration 

The various vegetable protein concentrated’ have been fed 
successfully to furnish protein in turkey rations, when such de- 
ficiencies as calcium, phosphorus, and lysine have been cor- 
rected. Soybean oil meal, corn gluten meal, and cottonseed 
meal have all been fed. Com gluten meal has been reported as 
producing a superior fleshing condition. 
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TABLE 32A. GROWTH RATE AND FEED CONSUMPTION 
OF BELTSVILLE SMALL WHITE TURKEYS 




Average 

Gain 

Feed Con- 

Total 

Successive 

Feed Re- 



Weight 

In 

sumed 

Cumu- 

Weekly 

quired 



of Toms 

Weight 

Each Week 

lative 

Feed Re- 

per Pouni 

Age 

Age 

and Hens 

for 

(Mash and 

Feed 

quired per 

of Gain 

In 

in 

Combined 

Period, 

Grain). 

Required 

Pound of 

to Dale, 

Months 

Weeks 

lb. 

lb. 

lb. 

lb. 

Gain. lb. 

lb. 



0.11 







1 

0.22 

0.11 

0.17 


1.5 

1.5 


2 

0.40 

0.18 

0.33 

0,5 

1.8 

1.7 


3 

0.60 

0.2 

0.5 

1.0 

2.5 

2.0 


4 

.90 

0.3 

0.8 

1.8 

2.7 

2.3 

1 

Total 

0.90 

.79 

1.8 

1.8 

2.3 

2.3 


S 

1.2 

0.3 

0.8 

2.6 

2.8 

2.4 


6 

1.6 

0.4 

1.1 

3 7 

2.8 

2.5 


7 

2.1 

0.5 

1.4 

5.1 

2.8 

2.6 


8 

2 6 

0 s 

1.4 

6 5 

2.8 

2 6 

2 

Total 

2.6 

1.7 

4 7 

6.5 

2.8 

2.6 


9 

3.2 

O.C 

1.6 

8.1 

2.8 

2.6 


10 

3.8 

0.6 

1 7 

9.8 

2.9 

2.7 


11 

4.S 

0.7 

2 1 

11.9 

3.0 

2.7 


12 

5.2 

0.7 

2.1 

14 0 

3 0 

2.8 

3 

Total 

S 2 

2 6 

7.5 

14.0 

2.9 

2 8 


13 

s.g 

0.7 

2.2 

16.2 

3.1 

2.8 


14 

6 6 

0.7 

2 4 

18.6 

3.4 

2 9 


IS 

7 2 

0 6 

2 5 

21.1 

4.1 

3 0 


16 

7.8 

0.6 

2.7 

23.8 

4.5 

3.1 

4 

Total 

7.8 

2 6 

9 8 

23.8 

3.8 

3 1 


17 

8.4 

0 6 

3.0 

26.3 

5.0 

3.2 


18 

8.9 

0 5 

3.4 

29 7 

6.8 

3.4 


19 

9.3 

0 4 

3 8 

33 5 

9.5 

3.7 


20 

9 6 

0.3 

4 4 

37.9 

14.5 

4.0 

5 

Total 

9.6 

1 8 

14.6 

37.9 

8 1 

4 0 


(III) on woodland. The two free-running groups were later put 
on wheat stubble. The saving in food in both grassland and stub- 
ble was 40 per cent. The difference between the cultivated and 
woodland groups was of no importance. 

The Michigan Station®^ reports that the inclusion of green 
feed, as alfalfa, lawn grass, or green oats in the ration, had 
little apparent influence on the rate of growth, feathering, or 
other features of development, but did result in a slight saving 
in the total feed cost in some instances. The Pennsylvania Sta- 
tion “ obtained better weight and better market quality more 
rapidly with turkeys fed grass clippings artificially dried and 
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soaked In water overnight than those allowed 

The Kansas Station’‘ found that restricting the diet to grain 
and young grass range a tew weeks before “ix-kefne 
the size somewhat but materially lowered the cost of ' 

Turkeys have been reared successfully in confinement. 
Michigan Station” reported that rearing in confinement to ma- 
turity was slightly more efficient than rearing in yards Control 
of mortality from diseases and predators gave satisfactory 
suits in cobblestone yards over a 7-year period. The Oklahoma 
Station” reported no difference between birds grown In com- 
plete confinement and those grown on Bermuda grass range. 
Feed consumption In the confined groups is usually greater 
in the range groups. Feather picking might occur in confmea 
groups, which might reduce the market quality of some o 
turkeys. The North Dakota Station’^ reported somewhat better 
growth for the turkeys on range than for those kept in 

FEEDING AND MANAGING THE BREEDERS. A good hater- 
ing egg is a fertile egg that contains in the correct amounts a 
the protein, carbohydrates, fat, minerals, and vitamins; ’ 

all the Ingredients (except oxygen) that are necessary for me 
and growth of the embryo during the 28-day incubation ' 

• Breeders In confinement cannot lay eggs that contain all t e 
food ingredients required by the embryo, unless these ingredi- 
ents are supplied in the breeder ration. Breeders that 
been confined and wintered on gram alone cannot be expected 
produce good hatchable eggs until after a more complete ration 
has been supplied or until the spring grass, sunshine, bugs, an 
the like have enabled them to balance the ration for themselves 

The ration for growing poults may be continued through the 
winter and until about 30 to 60 days prior to the mating season, 
at which time a breeder ration should be substituted. 

The Kansas Station’* reported on restricting food intake dur- 
ing the nonlaying period, with free access to feed thereafter 
Neither the number of e^s laid nor their hatchabihty was in- 
fluenced by reducing the intake to 78 per cent of that of the free 
choice group. Reducing the intake to 61 per cent, however, sig- 
nificantly reduced hatching power. 

Although the date at which the breeders start laying depends 
largely on the influence of artificial lights and housing condi- 
tions, feed also hastens or retards this laying period, besides 
influencing the production and hatchabihty of the eggs and the 
livability of the poults 

A 12- to 14-hour day should be provided for the breeders by 
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soaked In water overnight than those allowed “"‘Y ‘‘■'f 

The Kansas Station” lound that restricting the diet to e«l" 
and young grass range a lew weeks bclore marketing reduce 
the size somewhat but materially lowered the cost of ' 

Turkeys have been reared successfully in confinement. 
Mlchipan Station’* reported that rearing in confinement 1 ° "'a- 
lurlty was slightly more efficient than rearing in yards, coniroi 
of mortality from diseases and predators gave satisfactory r * 
suits in cobblestone yards over a ?-year period. The Oklahoma 
Station’* reported no difference between birds grown In com- 
plete confinement and those grown on Bermuda grass 
Feed consumption in the confined groups is usually greater 
in the range groups. Feather picking might occur in confine 
groups, which might reduce the market quality of some of the 
turkeys. The North Dakota Station’* reported somewhat better 
growth for the turkeys on range than for those kept in cages. 

FEEDING AND MANAGING THE BREEDERS. A good haten- 
Ing egg Is a fertile egg that conUlns tn the correct amounts at 
the protein, carbohydrates, fat, minerals, and vitamins; tn la t 
all the Ingredients (except oxygen) that are necessary for l^ 
and growth of the embryo during the 28-day incubation 
• Breeders in confinement cannot lay eggs that contain 

food Ingredients required by the embryo, unless these ingredi- 
ents are supplied in the breeder ration. Breeders that 
been confined and wintered on grain alone cannot be expected 
produce good hatchable eggs until after a more complete ration 
has been supplied or until the spring grass, sunshine, bugs, an 
the like have enabled them to balance the ration for themselves 
The ration for growing poults may be continued through the 
winter and until about 30 to 60 days prior to the mating season, 
at which time a breeder ration should be substituted 

The Kansas Station’* reported on restricting food intake dur- 
ing the nonlaying period, with free access to feed thereafter 
Neither the number of e^s laid nor their hatchability was in- 
fluenced by reducing the Intake to 78 per cent of that of the free 
choice group. Reducing the intake to 61 per cent, however . sig- 
nificantly reduced hatching power. 

Although the date at which the breeders start laying depends 
largely on the influence of artificial lights and housing condi- 
tions, feed also hastens or retards this laying period, besides 
influencing the production and hatchability of the eggs and the 
livability of the poults. 

A 12- to 14-hour day should be provided for the breeders by 
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soaked in water overnight than those allowed only dry forage. 

The Kansas Station’'^ found that restricting the diet to grain 
and young grass range a few weeks before marketing reduced 
the size somewhat hut materially lowered the cost of production. 

Turkeys have been reared successfully in confinement. The 
Michigan Station’* reported that rearing in confinement to ma- 
turity was slightly more efficient than rearing in yards. Control 
of mortality from diseases and predators gave satisfactory re- 
sults in cobblestone yards over a 7-year period. The Oklahoma 
Station** reported no difference between birds grown in com- 
plete confinement and those grown on Bermuda grass range. 
Feed consumption in the confined groups is usually greater than 
in the range groups. Feather picking might occur in confined 
groups, which might reduce the market quality of some of the 
turkeys. The North Dakota Station*^ reported somewhat better 
growth for the turkeys on range than for those kept in cages. 

FEEDING AND MANAGING THE BREEDERS. A good hatch- 
ing egg is a fertile egg that contains in the correct amounts all 
the protein, carbohydrates, fat, minerals, and vitamins; in fact, 
all the ingredients (except oxygen) that are necessary for life 
and growth of the embryo during the 28-day incubation period. 

Breeders in confinement cannot lay eggs that contain all the 
food ingredients required by the embryo, unless these ingredi- 
ents are supplied in the breeder ration. Breeders that have 
been confined and wintered on grain alone cannot be expected to 
produce good hatchable eggs until after a more complete ration 
has been supplied or until the spring grass, sunshine, bugs, and 
the like have enabled them to balance the ration for themselves. 

The ration for growing poults may be continued through the 
winter and until about 30 to 60 days prior to the mating season, 
at which time a breeder ration should be substituted. 

The Kansas Station** reported on restricting food intake dur- 
ing the nonlaying period, with free access to feed thereafter. 
Neither the number of eggs laid nor their hatchability was in- 
fluenced by reducing the intake to 78 per cent of that of the free- 
c oice group. Reducing the intake to 61 per cent, however, sig- 
nificantly reduced hatching power. 

Although the date at which the breeders start laying depends 
argely on the influence of artificial lights and housing condi- 
tions, feed also hastens or reUrds this laying period, besides 
influencing the production and hatchability of the eggs and the 
livability of the poults. 

A 12- to 14-hour day should be provided for the breeders by 
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the use of morning, afternoon, or morning and afternoon lights, 
depending upon the convenience of the operator. The lights 
should be started about 30 days prior to the desired production 
date. 

When the breeders have been kept on a growing ration the 
breeder ration should be started about 30 days prior to the start 
of lay. When they have been roughed through the winter on grain 
alone, the breeder ration should be started 30 days earlier. 

All feed should be hopper fed, and the hoppers and fountains 
should be kept on the wire-covered platforms. The feed should 
be in open hoppers before the birds at all times. Should the 
breeders tend to consume more grain than mash, the grain hop- 
pers may be kept closed part of the time and opened at regular 
periods. 

FEEDING AND MANAGING THE POULTS. Feed and water 
should be put in small feeders and fountains and placed before 
the poults when they are 36 to 48 hours old, or as soon as they 
are placed in the brooder house. Early feeding lessens the 
danger of the poults’ eating litter and eliminates the trouble of 
teaching the poults to eat, provided the brooder house Is main- 
tained at a comfortable temperature and is free from drafts 
around the feeders and fountains. Hammond’® reported that 
poults starved for 3 or 4 days had to be taught individually to 
cat after feed was available and that poults may fail to learn to 
cat or drink in the presence of other poults that are eating and 
drinking. He concluded that lack of water is the primary cause 
of loose, slimy gizzard linings that accompany early nonspecific 
mortality in turkey poults. Chilson and Patrick” concluded that 
turkey poults should bo supplied with feed and water as soon 
after hatching as possible since withholding feed and water for 
24, 48, and 72 hours after hatching resulted in 4.8, 11.5, and 
29.3 per cent mortality respectively up to 12 weeks of ago. 

feeders and FOUNTAINS. Many different types of good 
commercial feeders and fountains, also homemade ones, are in 
use on turkey farms. The amount of feeder and fountain space, 
rather than the kind of feeder, is the Important factor to con- 
sider. Fifteen feel of feeder space to 150 poults will permit 30 
to 50 per cent of (hem to cat at one time during the first 4-wock 
period. Not more than 150 poults should be brooded in a 10- by 
12-fool compartment or under one hover. However, lack of 
feeder and fountain space Is as serious a brooding fault as 
crowded brooder houses. 

FINISHING TURKEYS. The poults that have been properly 
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grown on a full and well-balanced ration will usually need little 
or no extra fattening to get them ready for the market. Turkeys 
that have been merely maintained during the growing season and 


then fattened rapidly just prior to the time of marketing lack the 
tenderness, juiciness, and excellent flavor of a rapidly grown 
bird. Turkeys that will not fatten or finish properly until prac- 
tically full grown are the slow-maturing kind that should be 
eliminated from the flock by the proper selection of breeders. 

The North Dakota Station’® reported that broad-breasted tur- 
keys marketed at 28 weeks of age after an 8-week finishing peri- 
od were in satisfactory market condition. Use of a moist mash 
twice daily made considerable extra work not warranted by re- 
turns. Feeding of the grower mash with the whole grains fed 
separately produced the heavier males and females after 8 
weeks of finishing and at the lowest feed cost per pound of gain. 

Fish products affect the flavor. Bryant and Stevenson” re- 
ported that fishy flavor was detected in the roasted carcasses 
of turkeys receiving 10 per cent or more of fish meal. Fishy 
flavor was eliminated within 7 weeks after the 10 per cent level 
of fish meal feeding was discontinued and within 8 weeks after 


the 20 per cent level was discontinued. The drippings had a 
more pronounced fishy flavor than did the meat, and male birds 
exhibited a slightly stronger fishy flavor than females. The 
Pennsylvania Station” also reported fishy flavor and odor in the 
roasted carcasses of turkeys 28 weeks old, fed either 1 per cent 
of cod liver oil or 10 per cent of fish meal. The removal of both 
cod liver oil and fish meal from the diet 8 weeks prior to slaugh- 
tering time practically eliminated the occurrence of both fishy 
flavor and odor. The California Station®* reported that high- 
grade fish meal, at a level of 25 per cent of the entire ration, 
did not apparently produce an off flavor when the birds were 
properly handled. When the birds were not starved before kill- 
ng and were kept in a warm room overnight, the flavor was ad- 
versely affected, and, when so treated, birds fed inferior fish 
meals had a poorer flavor than birds fed a high-grade fish meal. 
Birds fed 2 to 5 per cent of fish oil showed an off flavor and 
o or w en cooked. Marsden and coworkers®’ found that fishy 
off.flavors persisted 4 to 13 weeks after turkeys were removed 
from starting diets. They recommend that the feeding of fish 
starting diets be restricted in quanti- 
ties and that fish products be excluded from growing diets. 
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TURKEY RATIONS 

It is possible to formulate many rations which will be satis- 
factory. Some of the representative turkey rations being recom- 
mended will be found in the Appendix. (See page 586.) 
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FEEDING WATERFOWL 

FEEDING DUCKS 

The rations for ducks are similar to rations for hens. This 
similarity applies particularly to the feeds that are used. How- 
ever, ducks can make use of a larger amount of green feeds than 
hens, and fresh-cut greens can be fed if the flock does not get an 
abundance of green feed on range. It is not necessary to furnish 
water for swimming, but the ducks make better use of their feed 
and are more contented if water is available at feeding and until 
the feed is eaten up, 

METHODS OF FEEDING. Duck mashes have usually been fed 
moist. In this case, sufficient water should be added to cause the 
materials to stick together, but the feed should never be so wet 
as to be sloppy. Since ducks seem to prefer a sticky mash, low- 
grade flour or similar feeds are frequently added to make the 
mixture more sticky. 

In comparing methods of feeding ducks, the Indiana Station^ 
produced satisfactory gains when an all-mash chick starting ra- 
tion was fed ad libitum to ducklings as a dry mash. The same 
ration fed as a moist mash four times daily gave only a slight 
Increase over the dry mash. When the ration was fed as a moist 
mash ad libitum, it apparently produced a significant increase 
in the rate of growth as compared to the other two methods of 
feeding. 

Of five methods of feeding ducklings in the Philippines^ it was 
observed that the best method was giving them uncooked mash 
and allowing them free access to all the green feed they would 
eat. Cooking the mash increased the amount of feed consumed. 
The addition of green food reduced the apiount of feed consumed. 

In recent years, the use of pellets has increased for duck 
feeding. This method simplifies the feeding very considerably 
since the pellets are fed in pans, troughs, or hoppers, and the 
birds are allowed to eat what they care to. The pellets are usu- 
ally made available at all times, and fresh water Is supplied 
continuously. The pellets arc usually the same composition as 
the regular mash mixture. The results are practically the same 
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as with wet-mash leeding. In comparing pellets versus wet mash 
for table duck production, experiments conducted in England 
showed in one case that slightly greater final weights were ob- 
tained from the mash-fed ducklings whereas in another trial the 
ducklings reared on pellets were heavier than those reared on 
mash. 

At Cornell^ feeding pellets to ducklings resulted in the highest 
average weight. Following the pellet-fed ducks in order were 
the ducklings getting dry mash ad libitum supplemented with 3 
wet mash feedings daily, dry mash ad libitum, wet mash ad libi- 
tum, and wet mash fed four times daily. 

FEEDS. The feeds commonly gu'en to chickens are also given 
to ducks. 

Animal feeds seem to be particularly adapted to the feeding of 
ducks. It has been reported* that even such forms of animal 
food as scales of fish, which are digested only with great diffi- 
culty by other animals, are digested by ducks in a very short 
space ol Ume, 

Horton* reported that a ration containing milk produced a 
market duckling of better quality than a ration without milk. In 
experiments reported from Germany^ a combination of fish 
meal and soybean oil meal gave belter results than sour skim- 
milk curd. Roberts* concluded that an all-mash ration contain- 
ing 10 per cent of meat and bone scraps and 5 per cent of dried 
milk fed ad libitum as a dry mash proved satisfactory for grow- 
ing ducks during the first 10 weeks. This combination was su- 
perior to 10 per cent of meat scraps with no milk. There seemed 
to be little to be gained by using more than 10 per cent of meat 
scraps in combination with 5 per cent of dried milk in this type 
of ration. 

In rations for egg production, it was shown m experiments 
conducted in the Philippines* that 30 per cent of fish meal in the 
ration gave a better egg yield than either 20 per cent or 50 per 
cent. Mortality was excessive at the higher levels of fish meal, 
but the 20 per cent level was considered most economical. For 
growing ducklings 30 per cent of fish meal as the only protein 
supplement in the ration was found to be optimal. Weight in- 
crease, mortality, and feather development were adversely af- 
fected when higher or lower percentages were used. Experi- 
ments reported from England*" showed no significant dilference 
In the egg production of ducks receiving fish meal or meat and 
bone meal, but because the latter was lower in price it was 
more economical. 
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Weight for weight, fish meal was reported as being greatly 
superior to shrimp meal as a protein supplement for laying 
ducks. “ The rations containing 40 per cent shrimp meal proved 
slightly superior to those containing 30 per cent fish meal only 
as to percentage of egg production, but such rations were too 
expensive owing to the higher price of the shrimp meal. 

Substitution of copra meal‘* for fish meal in standard rations 
for laying ducks proved detrimental to egg production. The 
health of the birds did not suffer, but there was a decreased 
food consumption when the copra meal was fed. Soybean meal 
has been shown to be a satisfactory source of protein for ducks. 

Egg production was maintained at a fairly high level in groups 
of ducks receiving a ration in which 50 per cent of the dry mat- 
ter was provided by town food waste, or by equivalent parts of 
town food waste and steamed potatoes.*^ Difficulty was experi- 
enced with higher levels of substitution because of the very bulky 
nature of the rations. 

At Cornell'* potato meal was substituted for corn meal and 
wheat standard middlings or a combination of these feeds. Thirty 
per cent of potato meal was the maximum amount that could be 
fed. 

GROWTH AND FOOD CONSUMPTION. Ducklings make very 
rapid gains early in life. Green ducks or fancy ducklings can be 
fed so that they will weigh about 6 pounds in 8 to 9 weeks. 

The growth rates and feed consumption for White Pekin duck- 
lings given in Table 33 were obtained by Heuscr and associates. “ 

The average rate of growth and weekly consumption of feed 


TAULE an. GUOWTil RATE ASD FEED COSSUMPTION 


When hatched 
1 


OF WHITE PEKIN DUCKLINGS 

Cumulative Feed 

Amount of Feed 

Average Weight 

Consumption Per 

to Produce 1 

Per Ouclihng. lbs. 

Duckling, lbs. 

Pound of Duck, lbs. 

.133 





.334 

.28 

.84 

1.01 

1.17 

1.10 

l.Gl 

a.i7 

1.93 

2.53 

5.72 

2.20 

3.32 

8.5 1 

2.57 

4.42 

11.75 

2.CC 

0.31 

14.9C 

2.F2 

G.Ofi 

IS. CO 

3.07 

f>.G2 

23.00 

3.48 


0 
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per duckling of different breeds of ducks up to 12 weeks of age 
have been reported by Elford*“ as follows: 


Breed 

Pekins 

Rouens 

XMiite Muscovies 
Colored Muscovies 
Indian Runners 
Khaki Campbells 


Average Weight, lb. 

7.09 
5.98 

5.09 
5.73 
4.07 
4.13 


Feed Consumed, Ib. 
28.03 
28.00 
21.97 
21.91 
29.40 
23.46 


FEEDING DUCKLINGS 


REQUIREMENTS, Relatively few experimental results are 
arailable dealing with the nutritive requirements of ducks. 

Protein . Horton” reported that a well-balanced 19 per cent 
protein chick mash to which approximately 10 per cent of flour 
was added was satisfactory for growing White Pekin ducklings. 
He further stated that they could be grown successfully on a 
low-protein mash but that the total feed consumption was greater 
and the cost of feed was higher. Hamlyn, Branion, and Cavers^ 
reported that a total protein level of about 25 per cent is ap- 
proaching an excess of this nutrient in a ration for growing 
ducks and the optimum protein level would seem to be about 18 
per cent or less. In comparing a 17 per cent ration with one 
containing 14 per cent of protein. Miller” showed slight differ- 
ences in weight during the growing period between the high- and 
low-protein groups. Scott and Heuser** produced satisfactory 
gains in ducklings to 8 weeks of age on a ration containing ap- 
proximately 15 per cent of protein. However, there M’as some 
indication of a slight advantage in early growth for rations con- 
taining 17 per cent or more of protein. 

Demers and Bernard® concluded that in the presence of 0.4 
per cent cystine, approximately 0.5 per cent methionine is re- 
quired for normal growth. 


Vitamins. Reporting on the vitamin D requirements of duck- 
lings, Fritz, Archer, and Barker** concluded that the vitamin D 
requirements of White Pekin ducklings are approximately the 
same as those of chicks and that 30 A.O.A.C. (22.5 International) 
chick units of vitamin D per 100 grams of feed will produce op- 
timum calcification. Motzok and associates” conclude that the 
InH ducklings appears to be between 30 

.O.A.C. (22.5 and 30 International) chick units per 100 
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grams of ration. Olsson^^ places the requirement at 80 A.O.A. 

C. (60 International) chick units per 100 grams of feed. 

Hegsted*^ reported the symptoms of niacin deficiency as lack 
of growth, diarrhea, and general weakness, indicating a require- 
ment of 2.5 milligrams of niacin per 100 grams of ration. Re- 
sults at Cornell^® showed that a bowed leg disorder in ducklings 
was entirely prevented by supplementing the diet with 5 to 7.5 
per cent of dried brewers’ yeast or by adding 10 milligrams of 
synthetic niacin per pound of ration. Satisfactory growth was 
obtained with the addition of 3.8 per cent of dried brewers’ yeast 
or 5 milligrams of synthetic niacin per pound of ration. 

Other water soluble*® vitamins are also necessary. The ribo- 
flavin requirement of ducklings has been reported as being 300 
to 400 micrograms per 100 grams of diet, the pantothenic acid 
requirement as 1100 micrograms per 100 grams of diet, and the 
pyridoxine requirement as 250 micrograms per 100 grams of 
ration. Neither riboflavin nor pantothenic acid deficiencies pro- 
duce characteristic symptoms. Pyridoxine deficiency is charac- 
terized by growth failure and anemia in young ducklings and also 
convulsions and paralysis in older ducklings. Biotin is required 
by the duck, but the only effect of a deficiency is very poor growth. 

Scott and Heuser^” concluded that dried sklmmilk and dried 
brewers’ yeast contain some unidentified factor or factors of 
Importance in the nutrition of ducklings. 

Minerals . Bernard and Demers" concluded that 15 parts per 
million of manganese in the ration was sufficient to prevent 
perosis in ducklings but that it required 60 parts per million to 
bring the alkaline phosphatase activity of blood serum near nor- 
mal values. Van Keen and Pearson*® indicate the magnesium 
requirement as being 50 miiilgrams per 100 grams of diet. 

Fiber . Serfonteln” reported that for ducklings a ration which 
was low in fiber produced the highest average weight at 10 weeks. 
Although growth after the age of 4 weeks was apparently not 
much affected by the high percentage of fiber, it appeared to be 
best to feed a ration low In fiber throughout the growing period. 

As a summary of available Information the Committee on 
Animal Nutrition of the National Research Council*®* recom- 
mends the tabulated nutrient requirements for ducks on the next 
page. 

Feeding Management . Ducklings are usually fed within 36 
hours after the hatch Is completed or as soon as they arc placed 
in the brooder house. 

If crumbly wet mash is fed, it Is given four or five times a 
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nutrient requirements* of ducks 

Starting and 
Growing Ducks 

Total protein. % 

Vitamins 

Vitamin D (l.C.U.)t 
Riboflavin, mg. 

Pantothenic acid, mg. 

Niacin, mg. 

Pyridoxlne hydrochloride, mg. 

•In percentage or amount per pound of feed 
t International chick unit. 

day during the first week or two. Later the number of feedings 
is reduced to three or four. 

Fresh drinking water should be provided at each feeding 
period. The fountains should be arranged so that the ducklings 
can submerge their bills In the water but cannot get into it to 
wel their bodies. This permits them to drink and also allows 
them to clean their nostrils by squirting water through them. 

Any wet mash left over after the ducklings have had their fill 
should be removed. Sand or grit should be kept before them at 
all times. 

If pellets are fed they are kept before the ducklings all the 
time, with a plentiful water supply available. 

Chopped fresh green feed or cooked vegetables are often 
used in the ration for ducklings, as well as for older ducks. No 
grain is fed to ducks grown for market. In developing ducks for 
egg production, grain is sometimes fed at night after they are 
4 months old. 

Enough feeding space should be provided for the ducks to eat 
without crowding. Ducks should be fed only what they will clean 
up in 20 minutes, when the wel mash system of feeding is used. 

FATTENING. When fattening or finishing of the ducklings is 
earned on it is usually done 2 to 3 weeks before marketing. A 
heavy daily feed consumption is necessary during the fattening 
period. During this period it is best to give a light noon feeding 
and then a heavy feeding at night. Fattening ducks require less 
range than growing ducks, and it is advisable to have the source 
of drinking water near the feed trays for heavy ducks. 

FEEDING AND MANAGEMENT OF YOUNG BREEDERS. From 
the time ducklings are selected as breeders, at about 8 weeks of 
age, until the breeding season begins, every effort should be 
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made to develop and condition them for egg production. Both 
drakes and ducks should be fed pellets or given a good growing 
mash, mixed grain, and green foods. It is highly desirable to 
run them on pasture if it is available. About equal parts of mash 
and grain may be fed. They should complete their growth after 
they molt and reach the laying stage in good-bodied flesh. About 
a month or 6 weeks before eggs for hatching are desired, a 
breeding ration should be substituted for the growing ration. 

The same method should be followed with the laying type of 
ducks, such as the Indian Runner. 

FEEDING THE MATURE DUCKS. The rations for laying 
ducks are similar to rations for hens. The breeders should 
have a breeder ration. If pellets are not fed, the mash part of 
the ration is moistened and the ducks are given all the wet mash 
they will eat morning and night. This wet mash should be neither 
too crumbly nor too wet but of such a consistency that it will 
hold together when squeezed with the hand or, if dropped, will 
fall apart in lumps. A mixture of grain is usually fed in addition 
to wet mash. In England it is customary to feed laying ducks a 
hard grain in the water trough. About two parts of mash are fed 
to one part of grain. Oystershell or high-grade limestone grit 
should be supplied to provide calcium for eggshell formation. 

In addition, granite grit or gravel should be available in each 
pen. 

Feed is usually given twice a day, with a light feeding in the 
morning (10 minutes) and a heavy feeding at night (20 minutes). 
The drinking water should be near the troughs. The average 
daily feed consumption for about 200 ducks is 100 pounds of 
feed, of which 40 pounds should be fed in the morning and 60 
pounds at night. 

Considerable attention has been given to the breeding and 
management of ducks In England. At the Harper Adams College 
laying trials an average egg production of about 250 eggs per 
duck has been obtained. The feeding method employed was as 
follows.®^ The first feed is given when the ducks are being re- 
leased from the trapnest. It consists of 1 ounce of grain per 
duck, given In the water trough. The second feed, given at 11 
A.M., is wet mash, the quantity allowed being rather less than 
onc-half of the total dally mash ration. The third feed, given In 
the afternoon, is the rest of the mash and also 1 ounce of grain 
placed in the water trough as in the morning. Each duck there- 
fore receives about 2 ounces of grain and 4 ounces of mash 
daily. 
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RATIONS FOR DUCKS. Some rations that have been recom- 
mended for ducks will be found in the Appendix. (See page 609.) 

FEEDING GEESE 

Geese are generally reared where they have a good grass 
range or pasture as they are good grazers and, except during 
the winter months, usually pick up most of their living. They 
are not adapted to intensive conditions. 

FEEDING THE ADULT GEESE. The pasture may be sup- 
plemented with light feedings of home-grown grains or wet mash 
daily, the necessity and quantity of this feed depending on the 
condition of the pasture. 

During the winter, when pasture is not available, geese should 
have both grain and roughage, but great care should be taken not 
to overfeed the breeders so that they will become fat. Oats make 
a desirable grain feed for breeding geese, but a limited portion 
of corn, wheat, or barley may be added for variety. The greater 
part of the feed should be made up of roughage such as vege- 
tables, clover or alfalfa hay, chopped corn stover, or silage. 

As the breeding season approaches, it is necessary to in- 
crease the quantity of feed and add to it a mash which is usually 
given in the morning. A good duck breeder or hen breeder mash 
can be fed. A simple mixture which has given satisfactory re- 
sults is made up of 3 parts of wheat by-products, 1 part of corn 
meal, and 1 part of meat scrap. Buttermilk may be used in 
place of the meat scrap. 

• Grit and oystershells should be kept before the geese when 
they are laying and may be provided ail the time to advantage. 
Drinking water, which should be available at all times, is best 
supplied in drinking fountains or vessels so constructed that the 
stock cannot get their feet into the water. 

FEEDING THE GOSLINGS. Goslings do not need feed until 
they are 36 to 48 hours old, when they can be fed a chick or 
duckling ration. This can be fed as pellets or in the form of 
wet mash, or they can be fed stale bread soaked in milk or 
water, scalded cracked corn, or a mash made of 4 parts corn 
meal and 1 part middlings. Green grass should make up most 
of their feed, and only a very limited amount of grain should be 
used. Plenty of fresh clean drinking water should be supplied. 
After 2 or 3 weeks, if the goslings have plenty of grass, they 
will usually not need much other feed until fattening time. 

If the goslings are confined the ration should include vitamin 
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D. Olsson“’^^ indicates the requirement for goslings as 30 to 
35 chick units per 100 grams of feed. Choline, folic acid, and 
nicotinic acid have been shown necessary for goslings fed puri- 
fied diets.^^ Folic acid deficient geese showed cervical paralysis. 

Experiments reported from England showed that little ad- 
vantage was gained by feeding concentrates to goslings through- 
out the growing period, provided they have free access to good 
grazing. The final weights of birds at 34 weeks of age that had 
received mash throughout the experimental period were only 
slightly greater than the average weights of those birds that had 
no supplementary feeding from the age of 5 weeks to 26 weeks 
and from 5 weeks to 30 weeks. All the birds were in good mar- 
ketable condition at the end of the experiment. It was concluded 
that a satisfactory carcass could be produced without the use of 
concentrates from the age of 5 weeks until a month before mar- 
keting. On the other hand, it was reported that confining the 
goslings and providing cut grass as a sole food was insufficient 
to promote a normal growth rate. 

Geese can consume relatively larger quantities of potatoes 
than hens. It has been reported** that goslings, 2 to 3 months 
old, could eat 300 to 400 grams of potatoes per day. Potatoes 
can also be fed to adult geese, but care must be taken that they 
do not become too fat during the laying period. 

PREPARING FOR MARKET. In the final fattening or finish- 
ing period grain is usually fed. Corn is commonly fed to geese 
for fattening. Sometimes corn on the cob is fed. The geese may 
be fattened on range or In pens. 

One recommended method for pen fattening is to feed 3 times 
daily, 1 feed of a moist but not sloppy mash made up of V 3 shorts 
and 2/3 corn meal and 2 feeds of corn with some oats or barley. 
Some roughage or vegetables should be provided. 

Such feeds as dried sugar beets, molasses, and sklmmilk have 
been used satisfactorily In fattening geese in Germany.*” 

Koodling Gccsc . The follow'ing method for noodling geese is 
described by Lee.*” This method, which produces a much bclter- 
faltcncd goose than ordinary procedures but Involves consider- 
ably more work. Is to stuff large geese with noodles for 3 or 4 
weeks. The feeders stuff the birds with noodles, u.sually begin- 
ning by feeding 3 to 5 noodles three limes dally and gradually 
Increasing to 6 or 7 noodles five limes dally at 4 -hour Intervals. 
The noodles arc made of scalded corn meal, ground oats, ground 
barley, and ground wheal or wheat flour, about equal parts of 
each being used. Add salt as for bread, thoroughly mix the feed. 
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and put it through a sausage stuffer, cutting the product into 
pieces 2 V 2 or 3 inches long. Boil them 10 to 15 minutes, or 
until they float, in a wash boiler containing a wire rack which 
stands IV 2 inches above the bottom of the boiler. Dip the 
noodles in cold water and roll in flour to keep them from slick- 
ing together. Pour hot water over the noodles, just before they 
are fed, to make them slippery and keep them warm. The num- 
ber of noodles fed depends on the size and condition of the bird 
and the judgment of the feeder. The noodles are put into the 
mouth, one at a time, and worked down by using the hands on the 
outside of the neck. At the next feeding time, if any feed can be 
felt in the crop, no noodles are given; otherwise the bird will go 
off its feed. Keep plenty of drinking water before the geese. 

This method of feeding involves a large amount of work and long 
hours but will produce a gain of 6 to 10 pounds. One effect of 
noodling is the production of enormous livers that in Europe 
have been used for making pale de foie gras. 
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CHAPTER 18 


FEEDING OTHER SPECIES 
OF BIRDS 


GAME BIRDS 

In general, game birds grow more rapidly than chickens. For 
that reason their requirements for many of the nutrients are 
higher. They have, therefore, made better growth response to 
rations containing higher amounts of protein, riboflavin, and 
vitamin D. 

Formerly a large variety of rations, most of which were very 
complex, were fed game birds. In most cases, the rations also 
included special feeds or ingredients. Many game breeders con- 
sidered it impossible to grow a bird except by using worms and 
other natural feeds, such as artificially produced larvae. 

In recent years rations similar to those developed for the 
feeding of chickens and turkeys have also been fed game birds. 
There have also been made available by commercial feed com- 
panies feed mixtures designed particularly for certain species 
of game birds such as pheasants and quail. 

In comparing the value of grains* for winter game feeding, it 
has been found that pheasants, quail, and partridge like yellow 
corn better than any other feed. Next in the order of consump- 
tion preference are wheat, scratch feed, and buckwheat, followed 
by while corn, popcorn, barley, sweet corn, and Sudan grass 
seed. The smallest amounts consumed were sorghum seed, soy- 
beans, oats, and rye. 

PHEASANTS 

It has been shown that it Is possible to rear pheasants with- 
out resorting to complex rations or complicated systems of 
feeding. In fact, rations and methods similar to those for the 
rearing of chickens and turkeys have proved satisfactory. The 
pheasant chick resembles the chick in its response to energy 
and the animal protein factor.* It is necessary, of course, to 
adapt the ration to meet the particular nutritive requirements of 
the plicasant. 

Requirements . The pheasant Is a rapidly growing animal. It 
lull; been known to increase from a hatching weight of approxi- 
mately 19 grams to an average weight of about 450 grams at 8 
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weeks of age, and nearl}’ 700 grams at 12 weeks of age. Callen- 
bach, Murphy, and Hiller* showed that better growth was obtained 
on a high-protein ration than on a lower-protein ration suitable 
for chicks of the domestic fowl. Later Callenbach and Hiller^ 
reported best growth and feathering on a 28 per cent protein ra- 
tion. Norris, Elmore, and Bump® obtainted maximum gro^^lh in 
ring-necked pheasant chicks during the first eight weeks of life 
by feeding a ration containing 30 per cent protein. Excellent 
growth, however, was also obtained on rations containing 21 per 
cent, 24 per cent, and 27 per cent protein. They concluded that, 
in practice, satisfactory growth without undue forcing will be 
obtained by feeding a ration containing 24 per cent protein. 
Skoglund reported improved results for starting ring-necked 
pheasants by substituting soybean oil meal for part of the meat 
scrap and fish meal. Besides slower growth on low-protein 
rations, cannibalism and feather pulling have also been reported 
to be more prevalent in low-protein lots. 

The pheasants also have a relatively high riboflavin require- 
ment. Norris concluded that the riboflavin requirement of 
pheasants during early groadh a-as satisfied when approximately 
4 per cent of dried pork liver was Included in the ration, ap- 
proximately twice the amount necessary lor chicks. In a practl- 
cal pheapnl-rearing ration, approximately 20 per cent of dried 
skimmltt, or its equivalent In other riboflavin carriers, will be 
r^uired to meet the requirements ot pheasant chicks for this 
Vitamin. 

Baird and Greene” concluded that pheasants require a mini- 
JPP™>“mately 50 to 60 U.S.P, units of vitamin D per 100 
approximately three times the quantity 
necessary to prevent the development of rickets tn chicks. 
anH requirement has been reported to be 1.5 per cent 

and requirement 0.75 per cent.” When meat scrap 
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all-mash method has proved satisfactory. The mash is kept 
constantly available in hoppers. Some feeders prefer to give 
moist mash to young pheasants. In some cases, commercial 
chick grain is also introduced after the birds are 3 to 4 weeks 
old. Callenbach and Hiller^ reported that the free-choice or 
cafeteria system of feeding did not give satisfactory results. 
Pellets have also been fed. 

Grit can be fed on top of the feed for the first few weeks, after 
which time it can be made available in hoppers. Fresh drinking 
water should also be given each day. 

Mature birds are fed rations similar to those fed breeding 
hens, which usually consists of a grain mixture and a mash mix- 
ture. The mash might be fed as a dry mash or a wet mash in 
the morning. The grain is fed in the afternoon. Usually all the 
grain that the birds will clean up before dark is fed. Mash feed- 
ing is begun at least 3 weeks before the birds are likely to lay 
in order to get the body in condition for production. Mash feed- 
ing can be discontinued when eggs are no longer needed for 
hatching. The birds should also have access to medium-sized 
grit and oystershell and fresh water. 

Rations . Some ready-mixed rations are available for pheas- 
ants which are compounded to meet the specific nutritive require- 
ments of this species. Satisfactory results have also been re- 
ported in growing pheasants by using turkey-growing rations or 
by feeding chick starters supplemented with milk. 

The following rations have also been reported as giving sat- 
isfactory growth. 

Cornell.^ 


Pounds 


Yellow corn meal 21 

Wheat standard middlings l-l 

Pulverized oats 10 

Soybean oil me.il 30 

Fish meal 5 

Meat scrap 5 

Dried skimmilk 5 

Dried brewers* yeast A 

Dried whey 2 

DicaJeJurn pho.sphalc ] 

Ground limc.stone 

Fish liver oil (2000 A. 400 D) 1.0 

Salt 0.5 

M-anganese sulf.atc 0.025 
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Pennsylvania. (The Pennsylvania State College Department 
of Poultry Husbandry, State College, Pennsylvania, Stencil G 
134, 1951.) 

STARTING MASH FORMULAS FOR RING-NECKED PHEASANTS 

No. 1 No. 2 

100 170 

100 100 

100 100 

100 100 

50 50 

50 50 

30 30 

30 120 

20 30 

400 250 

10 

10 

5 5 

2.5 2.5 

.125 .125 

1007.625 1007.625 

1. If necessary, a riboflavin concentrate composed of natural In- 
gredients may be substituted for the brewers’ yeast. A pound for pound 
substitution may be made if the riboflavin concentrate contains 35 mi- 
crograms of riboflavin per gram of concentrate Adjustments can be 
made for concentrates of greater potency. If, for example, a product 
containing 70 micrograms per gram is used, 15 pounds in place of 30 
pounds should be added and the ground yellow corn increased 15 pounds 
in the mash mixtures. 

2. If desired, 0.5 pound of D-activated animal sterol, containing 
2000 A.O A.C. chick units of vitamin D per gram may be substituted for 
the fish liver oil provided good quality alfalfa meal is used. 

If oil is used, it should be premixed with 50 pounds of the bran 
before adding to the other ingredients 

If D-activated animal sterol is used, it should be premLxed with 
50 pounds of the soybean oil meal before adding to the other ii^edients. 

3. The anhydrous manganese sulfate should be premixed with the 
ground limestone or salt before adding to the other ingredients. 

GRAIN MIXTURE 

200 lb coarse cracked yellow corn 
100 lb. whole wheat 
50 lb whole oats 
350 lb. 

Barley or buckwheat may be substituted for one-half the corn with 
satisfactory results 


Ground yellow com 
W’heat flour middlings 
Wheat bran 
Ground oats 
Alfalfa meal, low fiber 
Dried whey 

Brewers’ dried yeast (1) 

Meat scrap (not less than 50% protein) 

Fish meal (not less than 55% protein) 

Soybean oil meal 

Steamed bonemcal 

Ground limestone 

Salt 

Fish liver oil (400 A.O.A.C. units of D 
per gram) (2) 

Anhydrous manganese sulfate (3) 
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Pheasant chicks should be placed In brooding quarters and fed as 
soon as they complete their “after -hatching” sleep. Such quarters 
should be amply provided with filled chick-size mash hoppers and water 
receptacles. For 1 or 2 days some mash should also be sprinkled on egg 
flats, small pieces of newspaper, or cardboard. Each feeding of mash 
should be lightly covered with a small amount of insoluble grit until such 
time as the chicks are able to feed from a regular grit and shell hopper. 
The grit is shiny and seems to attract the attention of the tiny chicks. 
This helps teach them to eat, as does a small amount of finely chopped 
green feed sprinkled on top of the mash. \Vhcn the chicks eat mash read- 
ily, the green feed may be discontinued. 

After the chicks are 6 to 8 weeks of age, oystershells (or a high 
calcium limestone grit) and insoluble grit should be constantly available 
In hoppers. At this time, scratch grain may also be fed although this 
practice may be delayed until the chicks are twelve weeks of age. The 
simplest way to feed the grain is to keep it constantly before the birds 
in hoppers. A lower protein mash, similar to the Pennsylvania State 
chick mash, may bo used after the twelfth week. 

Until 5 weeks of age, Ring-necked pheasants may be kept very 
closely confined with excellent results. Thereafter, if the chicks are 
confined too closely much difficulty will be experienced from feather 
picking and mortality from cannibalism may be near. A good grass pas- 
ture, such as provided by clover and timothy, alfalfa, or some other 
vegetation that furnishes shade and cover, will be most helpful In sup- 
plying food and shelter after the birds are 5 weeks of ago. 

QUAIL 

In recent years quail have also been successfully reared by 
methods similar to those applied to chicks. Feed ingredients 
arc similar, but the amounts arc adjusted to meet the nutritive 
requirements of the species. The information available con- 
cerning the nutritive requirements of the quaii is somewhat 
limited. 

Requirements . Norris" showed that the bobwhlte required 27 
por^cenl of protein in a diet for rapid growth. However, the dif- 
ference between the results at the 24 per cent and the 27 per 
cent level was not great. Baldinl, Roberts, and Kirkpatrick'® 
reported a ration containing 28 per cent protein supplied by 
soybean oil meal as being adequate. Later they reported the 
lysine requirement as being higher for the quail than for the 
chick and concluded that 20 per cent protein was sufficient If 
the lysine of the ration w-as Increased. Bass" concluded that 40 
to 100 parts per million of manganese In a diet for bobwhltc.s 
will prevent pcrosl.s. 

Ne.stler and Llewellyn" reported an .abnormal juvenile feather 
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growth in which primary and secondary wing feathers were 
curved, twisted, stunted, and, in many cases, frizzled, among 
pen-reared bobwhites. It was most prevalent on the diet con- 
taining no dried milk products. The Incidence diminished as the 
percentage of milk products in the diet was Increased but ap- 
peared in a few birds, even on the diet containing 15 per cent of 
dried buttermilk and 3 per cent of dried whey. They concluded 
that a deficiency of riboflavin apparently was the major but not 
the sole cause of the abnormality. 

In experiments dealing with pen-reared bobwhites, Nestler 
and Llewellyn^’ balanced the ration so as to contain approximately 
28 per cent crude protein, 1.1 per cent calcium, 0,7 per cent 
phosphorus, 2400 International units of vitamin A, 530 Interna- 
tional units of thiamin, and 540 International units of vitamin D. 

Feeding Management . Nestler and Bailey** suggest the fol- 
lowing feeding and management for the propagation of bobwhites. 
All-mash diets are fed exclusively, and they are kept constantly 
before the birds. A supply of clean fresh water should always be 
available. The birds should also have access to insoluble grit. 
Green leaves are good sources of certain of the dietary factors 
but are not essential from the nutritive standpoint when the vi- 
tamins are furnished In sufficient amounts in the feed. However, 
fresh-cut greens can be fed to add relish to the diet. 

For the mature birds the breeding diet is made available 1 
month before the breeding season and continued as long as eggs 
are to be used for hatching purposes. 

The growing diet is kept constantly before the birds for the 
first 12 weeks of their lives. After 6 weeks of age, the mainte- 
nance ration is also fed in separate hoppers and the birds al- 
lowed to eat what they wish of either of these diets. 

The maintenance diet is fed alone, after the bird is 12 weeks 
of age, and continued until it is changed to the breeding diet. 

Rations. 


Breeding Diet (26% protein) 
Ground yellow com 
tVheat standard middlings 
Dehydrated alfalfa meal 
Soybean oil meal 
Dried buttermilk 
Bonemeal 
Limestone 
Salt mixture 

Feeding oil (400A. 3000D) 


25 

10 

10 

36 

12 

3 

2 1/2 


1/2 
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Growing Ration (28% protein) 


Ground yellow corn 

24 

Ground millet 

10 

‘ Dehydrated alfalfa meal 

5 

Soybean oil meal 

42 

Dried buttermilk 

16 

Boncmeal 

0.9 

Salt mixture 

1 

Vitamin A-D oil 

0.3 

Maintenance Diet (12% protein) 

Ground yellow corn 

85.G 

Dehydrated alfalfa meal 

5 

Soybean oil meal 

7 

Bonemeal 

1.2 

Salt mixture 

1 

• Vitamin A-D oil 

0.2 

The salt mixture used in the above rations is made up as 

follows: 


Common salt 

50.000 

Anhydrous manganous sulfate 

0.850 

Anhydrous ferrous sulfate 

0.550 

Anhydrous copper sulfate 

0.020 

tf iodine is needed, the following is also added: 

Potassium iodide 

0.035 

Anhydrous sodium thiosulfate 

0.032 

Calcium carbonate 

0.035 

It will require about 2V2 pounds of feed to rear the quail to 

10 weeks of age. 


Coburn and Ncstlcr‘’ reported that of 9 cereals used as the 

solo grain millet gave the best results. 

Any of the cereals could 

replace half the corn; millet, wheat, and rye were the leading 

three. 


The Pennsylvania’* station obtained the best results with the 
following mash mixture In experiments evaluating 15 mash 

mixtures. 

Pounds 

Ground yellow corn 

9.5 

Wheal bran 

10.0 

Wieat flour middlings 

10.0 

Ground oats 

10,0 

Alfalfa loaf meal 

5.0 

Dricii tthoy 

5.0 

Sojlican oil meal 

40,0 

Plfih meal 

2.0 

Meal scraps 

3.0 

Drietl brewers* >'ea«t 

3.0 

Ground limestone 

1.0 

Steamed l>or.cmeal 

1.0 
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PIGEONS 


Pigeons are primarily grain eaters. The feeding of pigeons, 
therefore, differs from the feeding of other poultry in that they 
are not fed any mash or green feed but are given a ration of 
whole grains, a mineral mixture, and water. Usually some high- 
protein grains such as cow peas, field peas, or peanuts are in- 
cluded in order to increase the protein content in the ration 
since the ordinary scratch mixture used for chickens is usually 
low in protein. 

Grains . The most important part of the pigeon diet is a mix- 
ture of dry, hard grains that are clean, of good quality, and free 
from mold and decay. Levi** gives the basic feeds as being 
corn, wheat, kafir, and peas in the proportion of one part of 
peas to four parts of the other grains. 

Corn is one of the best feeds for pigeons. Yellow corn is a 
good source of vitamin A. Soft corn should not be fed, and whole 
corn is better than cracked corn. Kafir and milo are also good 
feeds. Corn and kafir together usually constitute the major part 
of the pigeon ration. 

Field or Canada peas are most commonly used as the high- 
proteln feed. However, other feeds such as cow peas, peanuts, 
soybeans, or vetch are also fed. 

Wheat is also Included in fairly large quantities in most 
pigeon rations. The hard red wheat is preferred to the softer 
varieties. 

Other grains may also be fed, but they are usually included 
only in small quantities. Such grains are oats, hempseed, 
millet, buckwheat, rice, rape, and rye. 

Hemp Is very palatable and is sometimes fed to stimulate 
feed intake. Sunflowerseeds are not palatable and must be re- 
stricted. 


Mineral Mixtures . A suitable mineral mixture is necessary 
for the pigeons since the grains and seeds are usually low in 
minerals. The mineral mixture usually supplies a grit for 
grinding and material which will furnish calcium, phosphorus, 
iron, and salt. Platt" reported that a combination of 85 per 
cent oystershell, 10 per cent charcoal, and 5 per cent salt 
appeared to meet the needs for squab production. 

A plentiful supply of clean, fresh drinking water 
should be provided. Some arrangement, however, should be 
^ ° prevent ^e pigeons from bathing in the water supply. 
cn _eed. Green feed is not necessary, especially when 
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the birds get outdoors. Some feeders like to supply some green 
feed as a relish to pigeons when they are confined. 

METHODS OF FEEDING. The usual method is to feed the 
grain by hand, two or three times daily. A common practice is 
to feed the grain in the morning and afternoon, giving as much 
as will be cleaned up in IV 2 to 2 hours. The grain is fed either 
on the floor or in open troughs. Feeding in troughs is preferred 
since it is more sanitary. 

The grain may also be fed to the pigeons by making it avail- 
able at all times in self-feeding hoppers. If the pigeons show a 
preference for certain of the grains, it might be advisable to put 
only about 1 day’s supply of grain in the hopper at one time. 

The quantity of feed that a given number of pigeons will eat 
depends on the weather, on their appetite, the breed, and on the 
number of squabs in the nest. One hundred pairs of Kings, or 
breeds of that size, will eat an average of about 27 pounds of 
grain each day. 

Platt and Dare*® reported very unsatisfactory results when 
attempting to feed an all-mash ration consisting of regular 
grain mixtures ground in mash form. However, the feeding of 
pellets has been done satisfactorily. 

REQUIREMENTS OF THE RATION. Lee and Haynes*® state 
that a good pigeon feed usually contains 13 to 15 per cent pro- 
tein, GO to 70 per cent carbohydrates, 2 to 5 per cent fat, and not 
more than 5 per cent fiber. 

Supplementation of the ration with riboflavin and vitamin B 12 
has been reported as increasing the squab number owing to in- 
creased hatchabillty,*® LivabiUty was also increased with added 
riboflavin. 

RATIONS. The following rations have been used with good 
results. 

Cornell.*'* 


Per Cent 


Cracked corn 30 

Red wheat 20 

Kafir corn 20 

Can-id-i pen.'i 25 


nice, barley, or oat.t 
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U. S. Department of Agriculture.^ 

~ ” Per Cent 


Whole jellow com 35 

Kafir or milo 20 

Cow peas 20 

Hard red wheat 15 

Oat groats 5 

Hempseed 5 

New Jersey.^ 


700 pounds whole yellow corn 
400 pounds wheat 
500 pounds milo 
400 pounds green peas 


Feed grain twice daily, gitdng the birds all they will eat. In 
addition, see that a regular pigeon grit and drinking vrater are 
available at all times. 

New Jersey State Pigeon Breeding Test at MellviUe." From 
January to SeptembeTTtEe” birds were fed tTTe following mixture: 

Pounds 


tVhole yellow com 270 

Cracked yellow corn 270 

V-Tieat 260 

Green peas 200 


After October first, the mixture was changed to the following: 

Pounds 


WTiole yellow com 300 

Cracked yellow corn 150 

Kafir com 150 

WTieat 200 

Green peas 200 


Many breeders of homing pigeons believe that a special feed 
is of value to induce the birds to enter the lofts promptly upon 
returning home after a flight. A mixture of this type, as well as 
a simpler combination, are recommended by Platt and Dare,** 
on the next page. 

pigeon fevers change the ration uuring the summer. 

The chief change is to decrease the amount of corn. For example 
Levi suggests the following; 

Winter Summer 


Corn 

\\^eat 

Kafir 

Peas 

Other 


35-^6 20-40 

10-30 15-30 

0-18 15-35 

18-20 20-25 

0-6 0-5 
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NEW JERSEY RATION FOB HOMING PIGEONS^ 


Whole yellow corn (domestic) 
Red wheat 
Alaskan green peas 
Kafir corn 

Cracked yellow corn (domestic) 

Argentine corn 

Canada field peas 

Maple peas 

Hemp 

Millet 

Rice 

Buckwheat 
Hulled oats 
Vetch 


Mixture 1 Mixture 2 

30 

20 15 

20 

.15 25 

15 

30 

17 

10 

2 

2 

2 

2 

3 

2 

100 100 


FEEDING THE SQUABS. Squabs are reared and fed by both 
the parent birds on a thick, creamy mixture called pigeon milk, 
produced in the crop of the pigeons. The pigeons usually feed 
their squabs shortly after they themselves arc fed and should 
not be disturbed at that time. If the parent birds become sick or 
die, the young birds may be fed by hand after they arc a week 
old by dropping some of the smaller grain into the squab’s 
mouth. They should be fed two or three times a day on grain 
that has been soaked for about 8 hours. 

Squabs are usually ready for the market at about 28 days of 
age. Shortly after that time the squabs will leave the nest and 
feed for themselves, and then they will no longer have the qual- 
ity of meat desired in the squab market. Squabs being saved for 
breeders can be removed from their parents at about the sixth 
week. 

ECONOMICS OF FEEDING. Squabs will reach the weight of 
14 ounces in about 25 days or about 1 pound in 4 weeks. There 
is some variation among the various breeds of pigeons In re- 
gard to the annual production of squabs, size of squabs, and 
feed consumption. The following averages were reported for ten 
different breeds at the New Jersey State Pigeon Breeding Test 


for a 5-ycar period;'* 

per pilr .nnnually 11.4 

Grain iwr pair annually (lb.) UM .0 

Grit j'cr pair .annually (lb.) ji.p 

Grain In produce 1 lb. ol squab dresacd wclpht (lb.) 8.R 

Weight per squab drenned (or.) jp g 
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CANARIES 

The food requirements of canaries are very simple if the 
birds are not to be bred and young canaries reared. The chief 
requisite is a supply of canary seed to which may be added a 
small quantity of rape seed and a little hemp. Cuttle bone and 
water should always be available to the canary. In addition to 
the grain, occasionally such supplements as lettuce, chick weed, 
or a bit of apple may be fed. Bread that has been moistened in 
scalded milk or other soft foods may also be fed occasionally. 

During the breeding season, the canary seed should be sup- 
plemented with egg food. It should be given daily from the first 
day the birds are placed in the breeding cage. Commercial 
nestling foods are also available which may be used in place of 
the home-mixed egg food. 

The egg food can be made as follows: Mashed or riced hard- 
boiled eggs are mixed with fine crumbs, made from plain 
crackers or rebaked bread. Approximately 2 tablespoons of 
crumbs are used for each egg. A teaspoon of cod liver oil is 
used for every two eggs. 

Both the male and female help to feed the little ones. The par- 
ent birds predigest and regurgitate their food in the form of pap 
which is fed to the baby directly. The babies will usually be out 
of the nest and feeding when less than 3 weeks old. By the time 
they are a month old, they are usually cracking their own seed 
but should have egg food for some time. 

The young birds should be removed from the feeding cage just 
as soon as they commence shelling seed. The egg food is con- 
tinued in decreasing quantities until they are 6 to 7 weeks old. 

The Wisconsin Station*® reported that canaries will do excep- 
tionally well on good chick rations. Over a period of 2 years, 
they grew well and, upon reaching maturity, produced eggs with 
a high degree of hatchability. Especially noticeable was the 
bright yellow color of the birds, no doubt owing to the abundant 
carotene in the chick mash since this factor is one of the yel- 
ow pigments in feathers. On the other hand, a mixture of 
canary and rape seed, such as commonly used for pet birds, 
produced either poor growth or actual loss in weight in every 
case when it made up the only food of experimental animals. 
Neither did canaries thrive on such a ration. This was probably 

ue to the fact that a diet of seeds is deficient in vitamins and 
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OSTRICHES 

Very little information is available concerning the feeding of 
ostriches. The Arizona Station” reports having fed daily an 
average of 3 pounds of alfalfa hay, 1 pound of dried beet pulp, 
and 1 pound of grain per bird. The grain consisted chiefly of 
whole wheat, but milo and barley have also been fed. The Texas 
Station gives the following amounts as a breeding ration, per 
pair of birds: 

Pounds 


Alfalfa meal 8 

Whole corn 1 

Wheat bran 1 

Bonemea! 1/2 
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CHAPTER 19 


ECONOMICS OF FEEDING 


The amount of feed which birds consume is a major item in 
the cost of production. For example, the cost of feed for mature 
birds represents at least 50 to 60 per cent of the cost of pro- 
ducing eggs. The net return to the producer, however, is influ- 
enced also by production and the value of the product as well as 
the price of the feed. 


AMOUNT OF FEED 

The amounts of feed which the birds are likely to consume 
will vary, depending upon conditions. There are a number of 
factors that influence food consumption. 

SIZE OF BIRD. Larger animals (other things being equal) 
will consume a larger amount of food. Sometimes it is stated 
that the breed will influence the feed consumed, but it is not so 
much the breed as it is the actual size of the individual. A 3- 
pound bird will not consume as much feed as the 4-pound bird, 
and the 4-pound bird, in turn, not as much as the 5-pound bird 
under the same conditions of production. That is true because 
we have an extra amount of body tissue to maintain and, as 
indicated previously, the maintenance requirements take up by 
far the greatest proportion of feed consumed. Consequently, 
such breeds as Plymouth Rocks, Wyandottes, and Rhode Island 
Reds will consume more feed in a year than Leghorns or 
Anconas. 

INFLUENCE OF PRODUCTION. The heavier the production, 
either as regards numbers or pounds of eggs laid, the greater 
the amount of food consumed. The variation in feed consumption 
throughout the year is due largely to variation in production as 
shown in the accompanying tabulation of 6-year averages of 
high versus low pens at the New York State Laying Trials.* 

The maintenance requirements remain fairly constant for a 
bird of given size. Additional feed is required for production In 
direct relation to the number of eggs laid. However, the propor- 
tion of feed needed for the production of the eggs Is small, 
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High Pens Low Pens 


Month 

Feed, lb. 

Eggs 

Feed, lb. 

E^s 

October 

8.4 

23.0 

6.7 

12.6 

November 

8.7 

24.5 

7.3 

15.4 

December 

9.3 

25.3 

8.0 

17.3 

January 

9.8 

25.2 

8.6 

17.9 

February 

9.0 

21.9 

8.0 

14.4 

March 

9.4 

23.9 

8.6 

14.8 

April 

9.4 

23 .5 

8.2 

14.7 

May 

9.1 

24.3 

8.2 

14.6 

June 

8.7 

23.2 

7.7 

12 6 

July 

8.6 

22.8 

7.3 

10.9 

August 

8.3 

21.4 

7.1 

9.6 

September 

5.2 

13.7 

4 6 

5.5 

Total 

104.5 

273.2 

91.7 

160.8 


relative to that required for maintenance. Hence the pounds of 
feed consumed per dozen eggs produced decreases very rapidly 
with increased production, as shown in the accompanying esti- 
mates for WTiite Leghorn pullets. 

RELATION OF FOOD CONSUMPTION TO EGG PRODUCTION 
IN WHITE LEGHORN PULLETS 


Yearly 

Egg 

For Main- 

Pounds of Feed 

Per Dozen 

Production 

tenance 

For Eggs 

Total 

Eggs 

80 

64.00 

7.14 

71.14 

10.67 

120 

64.00 

10.69 

74.69 

7.47 

160 

64.00 

14 24 

76 24 

5.87 

200 

64.00 

17.81 

81.81 

4.91 


This is also shown in the accompanying estimates of feed per 
bird per year, with I’arious rates of production, as given by 
Byerly. 


Eggs per Weight of Bird 

Year 4 lb 5 lb 6 lb 

0 56.5 65 3 73 6 

100 70 5 79 5 87 8 

ISO *7 8 86 6 94 9 

200 84 9 93 7 lOZ 0 

Similar relations between feed consumption and egg production 
have been shown by a number of experiment stations.=^’ 

The above relationship occurs because feed consumption is 
made up of the maintenance needs plus a certain amount ol lood 
to produce each egg. 
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The National Research Council’ presented a practical guide 
for the poultryman and feed man (Table 34). 

TABLE 34. FEED REQUIRED BY CHICKENS OF DIFFERENT LIVE 
WEIGHTS FOR MAINTENANCE AND FOR THE PRODUCTION OF 0, 
100, 200, AND 300 EGGS, RESPECTIVELY, PER YEAR 


Average Total Feed Required per Bird per Year 
lor MaiuleTiSiuce aod the Priadactloa of the 
Indicated Number of Eggs 


Average Live 

0 Eggs per 

100 Eggs per 

200 Eggs per 

300 Eggs per 

Weight, lb. 

Year, lb. 

Year, lb. 

Year, lb. 

Year, lb. 

3,0 

47 

61 

75 

89 

3.5 

52 

67 

81 

95 

4.0 

57 

71 

85 

99 

4.5 

61 

75 

89 

104 

5.0 

65 

80 

94 

108 

5.5 

70 

84 

98 

112 

6.0 

74 

88 

102 

IIG 

6.5 

78 

92 

106 

120 

7.0 

81 

96 

110 

124 


INFLUENCE OF AGE. Mature fowls (not laying) eat less In 
proportion to live weight than younger fowls (not laying). Age 
Influences feed consumption probably from two standpoints. 

First, birds In their second and later years of production are 
mature and are no longer growing as during the first or pullet 
year. We find that the birds usually continue to increase in 
weight nearly to the end of the first laying season. Pullets in 
the fall mature sexually but they are not mature physiologically. 
Thus we need to furnish feed for both production of eggs and 
production of body tissues. Second, the natural performance of 
the bird Is to produce fewer eggs the second year than it did the 
first and fewer the third than the second so that we have produc- 
tion again as a factor influencing it, 

Lamon and Lee® show that hens are more efficient in egg 
production during the first year than in succeeding years, as 
shown by the pounds of feed required to produce a dozen eggs 
(Table 35). The difference In actual feed consumption in pounds 
is not so marked, but, because of the lowered production, the 
efficiency Is decreased. 

SEASON AS A FACTOR. Birds will consume larger amounts 
of feed in colder weather in order to supply the extra heat neces- 
sary to overcome the greater difference In temperature between 
the air and body. Gultcrldge, MacGregor, and Pratt® reported 
that the maximum saving in feed accomplished through the 
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TABLE 35. POUNDS OF FEED REQUIRED TO PRODUCE 
ONE DOZEN EGGS 


Pen 

First Year 

Second Year 

Third Year 

1 

6.2 

9.2 

14.1 

2 

4.9 

9.2 

16.0 

3 

7.0 

10.3 

13.1 

4 

4.7 

5.6 

6 0 

5 

7.3 

8.6 

11.0 

6 

8.1 

10.6 

12 9 

Average 

6.4 

8.9 

12.2 


decreased requirement of feed for the maintenance of body 
temperature under heated conditions was 4.7 poimds per bird 
annually, with a mean saving of 2.85 pounds. The mean inside 
pen temperature range in the tests was from 32'’ F. to 58.9® F. 

INFLUENCE OF RANGE. Birds on good range have access 
to a supply of natural food in the grass. Its consumption will 
decrease the amounts of grain and mash the birds will consume. 
The difference in food consumption may be as much as 20 per 
cent. 

Similarly birds in cages usually consume less feed than birds 
kept in pens on the floor.*® 


SUGGESTED AMOUNTS OF FEED 


Records at Cornell University indicate that a flock of Leg- 
horns, averaging 4 pounds in weight and not in production, con- 
sumed lt /3 pounds of feed per hen per week. This represents 
about 19 pounds per day for 100 hens. This same flock, produc- 
ing 50 per cent, consumed 12/3 pounds per hen per week or about 
23 pounds per day for 100 hens. Larger hens will require more 
feed, smaller ones less. Also more feed will be required for 
higher levels of production. 

The following are given as suggested quantities of feed neces- 
sary for average Leghorns (weighing 4 pounds): 

Per Cent Pounds of Grain and Mash 

Production per Day for 100 Birds 


20 

30 

40 

50 

CO 

70 

80 


21 

22 

23 

24 

25 
2G 
27 
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For heavier birds, such as the American breeds, the amount 
should be increased by 2 to 3 pounds, or approximately 2 pounds 
for each pound increase in weight. 

The accompanying estimates for feed required per 100 layers 
a day are given by Byerly.* 


Per Cent 

Weight of Birds 

Production 

4 lb. 

5 lb. 

6 Ib. 

0 

15.5 

17.9 

20.2 

10 

16.9 

19.3 

21.6 

20 

18.3 

20.7 

23.0 

30 

19.8 

22.2 

24,5 

40 

21.2 

23.6 

25,9 

50 

22.6 

25.0 

27.3 

60 

24.0 

26.4 

28.7 

70 

25.4 

27.8 

30.1 

80 

26.9 

29.3 

31.6 

90 

28.3 

30.7 

33.0 

100 

29.7 

32.1 

34.4 


The following formulas have been suggested for calculating 
the amount of food required. 

(1) Total dally feed for 100 birds = 

(a) 8.3 + 2,2 X the average weight of the bird + 0.1 x 

the egg production. 

(b) ^ Leghorns 

4.11 X the weight + change In body weight + num- 
ber of eggs divided by 8. 

Heavies 

3.56 X the weight + change In body weight + num- 
ber of eggs divided by 8. 

(2) Feed per hen per year = 

(a) 31.5 4 8 X the weight of the bird 4 0.1 times the 

egg production. 

(b) ’Leghorns 

15 X the weight 4 change In body weight 4 number 
of eggs divided by 8. 

Heavies 

13 X the weight 4 change In body weight 4 number 
of eggs divided by 8. 

SOME REPRESENTATIVE RECORDS 

YEARLY FEED CONSUMPTION OF MATURE BIRDS. Some 
variation Is found In actual food consumption records, depending 
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upon the various factors already discussed. In general, however, 
there is considerable agreement. As an average of seven con- 
tests, the Utah Station^ reported a grain consumption of 44.1 
pounds and a mash consumption of 30 pounds per bird, with an 
average first-year production of 204 eggs. The Maryland Sta- 
tion** reported a feed consumption per year of 80.5 pounds for 
Leghorns, 88.7 pounds for Plymouth Rocks, and 92.2 pounds for 
Rhode Island Reds. In a 6-year experiment, Cornell** gave an 
average feed consumption of 80.4 pounds for Leghorns, with an 
average production of 183 eggs. 

The accompanying records give average figures for the 5- 
year period, 1913-1918, of the Connecticut*^ contest. 

RELATION BETWEEN FOOD CONSUMPTION AND EGG PRODUCTION 
(Connecticut Contest) 



PljTnouth 

Rocks 

W>'andottes 

Rhode Island 
Reds 

Leghorns 

Egg production 

1S3 

163 

151 

162 

Lb. grain per bird 

45.5 

44.3 

45.1 

43.6 

Lb. mash per bird 

51.6 

45.4 

50.1 

39.6 

Lb. total feed 

97 1 

89.7 

95.2 

83.2 


Results reported from British Columbia** are tabulated. 
RELATION BETWEEN FOOD CONSUMPTION AND EGG PRODUCTION 



(British Columbia) 




White 

\Miite 

PljTnouth 

Rhode Island 


Leghorns 

Wj-andottes 

Rocks 

Reds 

Egg production 

204 

194 

182 

170 

Average (lb.) 

4.2 

6.4 

6.5 

5.8 

Lb. grain 

41.8 

43.4 

43.4 

43.5 

Lb. mash 

45.5 

53.7 

56.7 

50.5 

Lb. total food 

87 3 

97.1 



Lb. oystcrshell 

4 51 

3.92 

3.57 

3.00 

Lb. grit 

0 25 

0.35 

0.36 

0.31 

The 5-year average of the New York Egg- Laying Tests is 

gitcn in me accompanying tabic. 



FIVE YEAR AVERAGE 

OF NEW YORK 

EGG-LA ^ING TESTS 


White 

IxrRhorn 

Production (cttRS) 213 1 

WclRht l>cRlrniri; (Ib.) 3.8 

Wfi-ht end (lb ) 47 

Feed (lb.) 9- . 



White 

Barred 

Rhode Island 

Pljmouth 

PljTTlOUth 

Red 

Rock 

Rock 

21s 0 

182.4 

213.6 

5 1 

5.1 

5.2 

C.4 

C 4 

6.6 

lOS 1 

91 2 

101 4 
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The food consumption record of 350 two-year-old hens, pro- 
ducing 152 eggs each, in the Advanced Registry at Cornell^® 
(1920-21) was: 


Grain 

Pounds 

39.5 

Mash 

43.1 

Oyster shells 

3.1 

Grit 

0.6 

Cabbage 

10.9 

Sprouted wheat 

3.0 

Semi-solid buttermilk 

1.9 


From a survey of feed records” on 120 poultry farms in New 
York State, Darrah reported a feed consumption of 95 pounds for 
the light breeds and 107.8 pounds for the heavy breeds in 1940- 
1941. This represented, respectively, 6.9 and 7.9 pounds of 
feed to produce a dozen eggs. Feed records from 143 farms in 
1946-47 indicate an average feed consumption of 108.6 pounds 
for the light breeds and 116.8 pounds for the heavy breeds. This 
represents, respectively, 7.2 and 7.5 pounds of feed to produce 
a dozen of eggs. 

MONTHLY FEED CONSUMPTION OF MATURE BIRDS. 

There is some variation in monthly feed consumption. The dif- 
ference is due chiefly to the fluctuation in egg production. Table 
36 shows monthly food consumption for a vlock at Cornell.*^ 
POUNDS OF FEED TO PRODUCE ONE DOZEN EGGS. The 
economy of producing eggs can be measured by the pounds of 
feed necessary to produce one dozen eggs. The lighter breeds, 
in general, arc more efficient in this respect. The efficiency is 
also closely associated with egg production. The efficiency of 
production goes up with increased egg production. The Maryland 
Station^* reports the highest efficiency for a flock of Leghorns 
which required 3.75 pounds of feed to produce a dozen eggs. 

In the Now York Laying Trials, Hocks producing 217 eggs re- 
quired 4.50 pounds of feed to produce a dozen eggs whereas the 
flocks producing 154 eggs required C.9G pounds. For twelve 
(locks over a period of 6 years, Cornell” shows an average of 
6.21 pounds of feed needed to produce a dozen eggs, with a 
range ol 5.35 pounds to 7.92 pounds lor the year. The New 
Jersey Slallon’ indicated 6. 70 pounds for the average of thirty- 
two commercial farms. The Oklahoma Station*" showed that the 
average feed required to produce one dozen egg.s per year for 
the 5-year cgg-l.aylng contc.sis was 2.4 pound.s of grain and 2.1 
pounds of mash, with a production of approximately 200 egg.s. 
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TABLE 36. FEED CONSUMPTION AND EGG PRODUCTION 
PER 100 HENS 


Dry 

Mash in 



Grain, 

Dry 

Mash, 

Moist 

Mash. 

Total 

Feed. 

Feed per 
Day', 

produc- 

Month 

lb. 

lb. 

lb. 

lb. 

lb. 

tion, % 

October 

203 

129 

9 

343 

21.5 

8.4 

November 

400 

292 

18 

710 

23.7 

51.8 

December 

441 

219 

55 

715 

23.1 

50.0 

January' 

390 

247 

61 

698 

22.5 

35.7 

February 

361 

281 

57 

699 

24.1 

40.3 

March 

396 

321 

74 

791 

25.5 

54.1 

April 

400 

374 

19 

793 

26.4 

69.1 

May 

387 

399 


786 

25.3 

70.6 

June 

346 

366 


712 

23.7 

68.7 

July 

327 

280 

32 

639 

20.6 

52.9 

August 

278 

238 

123 

639 

20.6 

45.3 

September 

267 

204 

121 

592 

19.7 

31.4 

October 

52 

46 

24 

122 

13.5 

19.8 

Total or 

average 

42S0 

3396 

593 

8239 

22.3 

46.0 


There Is some difference between the various breeds In this 
respect (Table 37), Size of bird and production are important 
factors, 

TABLE 37, POUNDS OF FEED REQUIRED TO PRODUCE 
ONE DOZEN EGGS 


Connecticut** 

Maryland** 

Jull*» 


New 


Plymouth 

Rocks 

WyandoUes 

Rhode Island 
Reds 

WTiite 

Leghorns 

Hamp- 

shires 

7.6 

6.6 

7.6 

6.2 


5.7 


6 1 

4.8 


6.1 

8 8 

5.6 

5.2 

6.4 


It has already been pointed out that the efficiency of production 
Increases with an increase in egg production. This is shown by 
the accompanying estimates of Byerly,* which give the feed re- 
quired to produce one dozen eggs. 

Percentage 

^Sg Weight of Bird 

Production 4 lb 5 lb 6 lb 


20 

40 

eo 

80 


ll.o 12 4 13 8 

6 < 7 1 7.8 

4 8 5.3 5.7 

40 44 47 
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For average conditions on commercial farms Misner and 
Lee^° concluded that it required 7 pounds of feed to produce one 
dozen eggs. 

The variations on the monthly basis are much greater than on 
the yearly basis, owing probably to the greater differences in 
egg production for the different months. For instance, records 
at Cornell^^ show monthly variations from 3.95 pounds to 28.60 
pounds. The accompanying table is representative of the quan- 
tity of feed necessary to produce one dozen eggs for each month 
throughout the laying year. It will be noted that the amounts are 
closely associated with the percentage of production. 


Month 

Pounds of Feed 
Required to Produce 

One Dozen Eggs 

Per Cent 
Production 

October 

28.6 

8.4 

November 

5.5 

51.8 

December 

5.5 

50.0 

January 

7.6 

35.7 

February 

7.2 

40.3 

March 

5.7 

54.1 

April 

4.6 

69.1 

May 

4.3 

70.6 

June 

4.1 

68.7 

July 

4.7 

52.9 

August 

5.5 

45.3 

September 

7.6 

31.4 

October 

12.2 

19.8 

Average 

7.9 

46.0 


FEED REQUIRED FOR YOUNG STOCK. Food consumption is 
rather closely related to growth. For example, for the first 26 
AmeTican-bTeed pullets consumed 5 pounds more feed 
than was consumed by Leghorn pullets. However, they also 
weighed more. When put on the basis of pounds of feed per 
pound of body weight, the consumption amounts to 6.86 pounds 
for the Leghorns and 6.48 pounds for the heavy breeds. The 
American cockerels to 30 weeks of age consumed 4.3 pounds 
more food than was consumed by the Leghorn cockerels. How- 
ever, they are considerably heavier so that their food consump- 
tion per pound of weight amounts to 6.15 pounds, as compared 
with 7.51 pounds for the Leghorns. In both instances, the food 
consumption was relatively greater for the Leghorns, probably 
because they reached maturity at an earlier age. 

These amounts of feed agree closely with those reported by 
Card and Kirkpatrick,** who give a food consumption of approx- 
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imately 24 pounds for Leghorns and 27 pounds for Rhode 

Island Reds, to 24 weeks of age. 

The Arizona Station^* reported that it took 25 pounds of feed to 
rear a Single Comb While Leghorn pullet to 26 weeks of age, 
with an average weight of 3 pounds, and that it took 21 pounds of 
feed to rear a Rhode Island Red pullet, with an average weight 
of 3 pounds and 6 ounces. The North Carolina Station*^ indicated 
that it took approximately 23 pounds of feed to put Rhode Island 
Red pullets into lay. 

In a survey of 80 farms in New York” in 1940-41 it was found 
that 23.1 pounds of feed were required to rear a pullet of the 
light breeds to maturity and 31.4 pounds for a heas-y breed pullet. 
This represented 5.6 pounds and 4.7 pounds of feed to produce 1 
pound of pullet for the light and heavy breeds, respectively. In 
1947*® it look an average of 33.5 pounds of feed per pullet on 137 
farms. 

In Tables 19 and 20 (Chap. 12) are presented the feed con- 
sumption for chicks under a normal rearing program. Both 
large and small strains are represented in the case of Leghorns 
and in the case of the heavy breeds, New Hampshlres, Rhode 
Island Reds, Barred Cross and Indian River Cross are repre- 
sented. 

The rate of growth, as well as the actual gains, decreases as 
the chicks grow older. On the other hand, the amount of food 
consumed gradually increases with the increase in the size of 
the bird. Therefore the number of pounds of feed required to 
produce a pound of gain is relatively low at the start and in- 
creases as the chicks grow older.** 

There exists fair agreement on the amount of feed to produce 
a pound of gain for the different kinds of poultry. It takes ap- 
proximately 3.0 pounds of feed to produce a pound of gain up to 
3 months of age for chickens, ducks, turkeys, and geese and 5.0 
to 6.0 pounds of feed to produce a pound of gain up to 24 to 28 
weeks of age for chickens, ducks, and turkeys. 

Feed efficiency, as expressed by pounds of feed to produce a 
pound of gain, N-anes considerably depending upon many factors. 
Some of these are the kind of ration fed, rate of growth, age, 
an sex. Feed conversion also vanes between breeds and strains 
of same breed. The Maryland Station*® has presented data 
that strongly indicate that the efficiency of feed utilization is m- 


feed required for broilers, 
broilers considerable improvement has 


In the production of 
been made in feed 
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efficiency. Earlier reports^’ indicate weights of 2 V 4 to 3 V 2 
pounds per bird in 11 to 14 weeks on 3.5 to 4.8 pounds of feed to 
produce 1 pound of bird. At the present time 3 to 4 pounds of 
meat are being produced in 9 to 12 weeks with a feed efficiency 
of 3 pounds or less of feed to produce a pound of meat.’^* Singsen 
reports an average weight of 2.6 pounds for 8-week-old male 
chicks in one experiment with a feed efficiency of 2.03 pounds 
of feed per pound of gain. 

Figures reported for large-scale broiler production show the 
commercial possibilities (Table 38). 

Some further reported broiler results are given in Tables 39 
and 40. 

TABLE 38. GROWTH AND FEED FOR 10-11 WEEK BROILERS 



Average Weight, 

Pounds of Feed to Produce 


lb. 

a Pound of Meat 

Lot 1 

3.12 

2.69 

2 

3.41 

2.72 

3 

3.49 

2.72 

4 

3.G9 

2.47 

5 

3.S3 

2.77 

6 

3.50 

2.80 

7 

3.56 

2.87 

8 

3.40 

2.B5 

g 

3.14 

2.66 

10 

3.20 

2.73 

11 

3.41 

2.67 

12 

3.02 

2.59 

13 

3.75 

2.97 

14 

3.70 

2.87 

TABLE 39. RELATION BETWEEN AGE AND FEED CONSUMPTION 


AND GROWTH OF BROILERS* 

Total Pounds of Feed 


Body Weight per Bird 

(to date) 

Age 

Cockerels and Pullets 

Leghorns Heavies 

(weeks) 

Leghorns Heavies 

Per Bird Per lb. Per Bird Per lb. 

At start 

.09 .08 


4 

.72 .96 

1.37 1.90 1.70 1.77 

G 

1.37 1,81 

3.30 2.41 3.80 2.11 

8 

2.01 2.74 

5.19 2.58 6,63 2.42 

10 

2.54 3.42 

7.90 3.10 8.93 2,61 


• Published with the permission of the Beacon Milling Company 
from Profitable Broiler Battery and Laying Gage Management . Cth Edi- 
tion, lysi. C. E. Lee. Copyrighted by The Beacon Milling Company. 
Inc., Cajaiga. Now York. 
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TABLE 40. REL\T10N OF BREED AND AGE TO GROWTH 
AND FEED EFFiaENCY OF BROILERS 




Average 

Feed per Pound 

Breed 

Age 

Weight 

of Bird 

New Hampshires 

12 wks. 

4.03 

3.05 

New Hampshires 

12 wks. 

3. CO 

3.16 

New Hampshires 

10 wks., C days 

3.30 

3.75 

New Hampshires 




(cockerels) 

9 wks. 

3.02 

2.57 



3.03 

2.64 



3.15 

2.58 



3.09 

2.69 

White Racks 

12 wks. 

4.3C 

2.88 



4.32 

2.72 

Heavies 

12 wks. 

4.50 

3+ 

Crosses mixed 

10 wks.. 3 days 

3.75 

3.60 

Crosses cockerels 

13 wks. 

5.25 

4.60 

Crosses cockerels 

11 wks. 

3.63 

2.92 

See also Table 26 (Chap. 12) for 

the amounts of 

feed required 


by heavy breed broilers at various ages. 

In a study of Leghorn cockerels as broilers, the Oregon Sta- 
tion** showed that the feed required per pound of gain was some- 
what less than 3 pounds for battery-reared birds and slightly 
less than 4 pounds for floor-reared birds. The battery-reared 
birds were about 1 week ahead of the floor-reared birds In 
growth. 

FEED REQUIRED BY TURKEYS. About 50 pounds of mash 
and 20 pounds of grain are required to produce a 19-pound tur- 
key at 24 weeks of age under the complete confinement method 
of rearing. More pounds of feed are required to produce a pound 
of gain as the poults grow older. This is shown in the accompa- 
nying table giving the amount of gram and mash fed per pound of 
gam in weight. (See also Table 32, Chap. 16.) 


Pounds of Feed per Pound of Gain 
Period Total 

1.7 1 7 

2 4 2 2 

3.1 2.6 

3 7 3 0 

4.7 3.4 

5.6 3 8 

8.3 4.5 

12.2 5.2 


1-4 

5-8 

9-12 

13-16 

17-20 

21-24 

25-28 

29-32 


Average 

Weight, 

lb 


7.6 
11.8 
15 5 
19 1 
22 1 
24 S 
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Feed consumption and growth data, as reported for Broad 
Breasted Bronze and Beitsville Small White turkeys by Alm- 
quist,^^ are given in Tables 41 and 42. 


TABLE 41. GROWTH AND FEED CONSUMPTION FOR BROAD 
BREASTED BRONZE TURKEYS 
(average data for mixed sexes) 


Age in 

Weight, 

Mash 

Grain 

Total 

Feed 

Weeks 

lb. 

to Date, lb. 

to Date, lb. 

Feed. lb. 

Efficiency 

2 

0.49 

0.7 

0.0 

0.7 

1.42 

4 

1.15 

2.5 

0.0 

2.5 

2.18 

6 

2.15 

4.7 

0.3 

5.0 

2.33 

8 

3.70 

8.1 

1.1 

9.2 

2.49 

10 

5.45 

11.8 

2.3 

14.1 

2.58 

12 

7.40 

16.3 

3.8 

20.1 

2.71 

14 

9.40 

21.6 

5.3 

26.9 

2.86 

16 

11.42 

27.2 

7.7 

34.9 

3.06 

18 

13.38 

33.6 

10.2 

43.8 

3.27 

20 

15.35 

40.7 

13.2 

53.9 

3.51 

22 

17.30 

48.0 

16.2 

64.2 

3.71 

24 

10.20 

55.4 

22.0 

77.4 

4.03 

26 

21.00 

62.5 

29.0 

91.5 

4.36 


TABLE 42. GROWTH AND FEED CONSUMPTION FOR BELTSVILLE 
SMALL WHITE TURKEYS 
(Average data for mixed sexes) 


Age in 

Weight 

Mash 

Grain 

Total 

Feed 

Weeks 

lb. 

to Date, lb. 

to Date, lb. 

Feed, lb. 

Efficiency 

2 

0.40 

0.6 

0.0 

0.6 

1.50 

4 

0.85 

1.8 

0.1 

1.9 

2.24 

6 

1.58 

3.3 

0.5 

3.8 

2.40 

8 

2.60 

5.3 

1.1 

6.4 

2.46 

10 

3.82 

7.9 

1.9 

9.8 

2.56 

12 

5.13 

10.9 

2.9 

13.8 

2.69 

14 

6.50 

14.3 

4.3 

18.6 

2.86 

1C 

7.72 

18.7 

5.7 

24.4 

3.16 

18 

8.80 

23.4 

7.7 

31.1 

3.53 

20 

9.66 

27.6 

9.9 

37.5 

3.88 


The /average feed consumption and weight of Wliitc Holland and 
Bronze turkeys are reported from Massachusetts’* in Table 43. 

The accompanying growth and feed consumption data are re- 
ported from Nevada” for Broad Breasted Bronze turkeys. 

When turkeys are confined, they will consume somewhat more 
total feed and also require more pounds of feed to produce a 
pound of gain than when they arc allowed to range.”-” 
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Age 

Average 
Weight, lb. 

Total Feed 
Required, lb. 

Cumulative Pounds 
of Feed per Pound of G 

First month 

1.3 

1.4 

1.1 

Second month 

3.9 

6.9 

1.8 

Third month 

7.4 

15.4 

2.1 

Fourth month 

11.2 

26.9 

2.4 

Fifth month 

14.8 

41.0 

2.8 

Sixth month 

18.0 

S7.1 

3.2 

Seventh month 

21.3 

78.3 

3.7 

Eighth month ’ 

24.4 

103.8 

4.2 


TABLE 43. CUMULATIVE QUANTITY OF FEED CONSUMED 
(100 BIRDS) AND WEIGHT OF TURKEYS 
(Massachusetts) 



Feed. lb. 


Weight, lb. 


Age, 


White 

Bronze 

White Holland 

weeks 

Bronze 

Holland 

Male 

Female 

Male 

Female 

1 

28.26 

28.26 





2 

58.59 

58.59 

0.31 

0.29 

0.34 

0.32 

3 

101.95 

101.95 





4 

162.51 

162.51 

0.72 

0.63 

0.78 

0.69 

5 

234.44 

234 44 





8 

316.54 

316 54 

1.38 

1.15 

1.42 

1.23 

7 

423.24 

420.28 





8 

559.05 

544.17 

2.41 

1.97 

2.33 

1.97 

9 

717.28 

705.28 





10 

886.81 

887.31 

3.82 

3.24 

3.78 

3.09 

11 

1136 42 

1116.31 





12 

1394.95 

1351 34 

5.80 

4.76 

5.38 

4.31 

13 

1690.39 

1651.75 





14 

2039 79 

1992 84 

8.14 

6.48 

7.51 

5.78 

15 

2405.26 

2352 83 





16 

2794.93 

2756 32 

10.06 

7.69 

9.39 

6.95 

17 

3218.73 

3201 40 





18 

3705 63 

3630.22 





19 

4160.78 

4041 57 





20 

4742.65 

4575,42 

15 02 

10 64 

13 15 

8.88 

21 

5313 32 

5147.56 





22 

5797 60 

5624.61 





23 

6347 91 

6122 01 





24 

6941 61 

6604 32 

19 01 

12.46 

16.46 

10.78 

Most of the experimental results show fair aereement in the 

uiuization of feed 

by growing turkeys. 

The pounds of feed required 

lo proGuce a pound of gain as reported by a number of stations is 
as follows: 
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Pounds of Feed 
Required to Produce 

Station a Pound of Gain 

Pennsylvania^® 

Bronze 
White Holland 
U.S.D.A.3^ 

Oklahoma®^ 

Bronze 


South Carolina^® 

Broad Breasted Bronze 

Small type Broad Breasted White 

Massachusetts^ 

Bronze 
White Holland 
Cornell^ 

White Holland 


Marsden^® reports that feed consumption of young Bronze 
breeding hens, fed ad libitum, averaged 3.23 pounds per week 
per hen for the 8-week winter period; 2.73 pounds per week for 
the 16-week spring period; and 3.50 pounds per week for the 4- 
week fall fattening period, after having been held on limited 
maintenance rations of 1.40 pounds of scratch grain per hen per 
week during the summer period of 20 weeks. For the 48-weck 
year, the total feed consumed was 111.52 pounds. By adding 4 
weeks to the summer maintenance period, the total was 117.12 
pounds for the full year of 52 weeks. The males ate nearly twice 
as much feed per average bird as the females, the requirement 
for the 48-weck year being 226.88 pounds and for the 52-weck 
year 240.88 pounds. 

In an economic study of Washington’s^® turkey breeding flocks, 
it was found that the total amount of feed, excluding shell, fed 
by growers in different parts of the state did not vary much. 

For 61 farms it averaged 31.2 pounds of mash, 1.2 pounds of 
hay, and 40.3 pounds of grain, or a total of 72.7 pounds. 

Jull^‘ gives the following feed consumption per month during 


tlio breeding season: 

Broad Brc.'islcd Bronze 17-19 pounds 

Sland-ird Bronze IG — 19 pounds 

WTille Holland pounds 

DcUsvlllc 11-13 pounds 


4.49 

4.73 

4.12 

3.82 

4.12 

4.45 

4.00 

4.37 

4.39 

4.53 

4.41 

4.85 

4.19 

4.37 

3.91 
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Parker and Barton^* report that during a 5 month’s period 
turkey breeding hens and toms consumed 90.5 pounds of feed per 
bird of which 52 pounds was mash and 38.5 pounds whole grain. 


COST OF FEEDING 


If the amounts of feed are known for the various purposes, it 
is easy to figure the cost of production. Costs will be Influenced 
by the actual cost per 100 pounds of the different feeds used to 
make up the ration. These feed costs vary considerably, depend- 
ing upon a large number of factors. 

Under normal conditions, there are seasonal variations in 
feed prices which often can be used to advantage. ■*’ For example, 
we ordinarily find that grains are at their lowest price soon 
after harvest. This is true because, as grain is held, the costs 
of shrinkage, interest, insurance, and destruction must be ad- 
ded. Corn is usually lowest In November to February and high- 
est in July to August; wheat reaches the low point about Septem- 
ber to November; oats are lowest during late summer and early 
fall and highest during May and June. The wheat by-products 
are usually lowest during the summer and highest during the 
winter. There is usually a falling off in the demand for meat 
scraps during the summer months, with a somewhat lowertrend 
in price during July to September. 

Any advantage that can be obtained in the price of feeds may 
mean considerable in the total cost of producing eggs or meat 
since feed cost represents the largest single item in the cost of 
production. It usually does not fall much below 50 per cent of 
the total cost, and in some cases may represent as much as 75 
per cent of the cost. 


The feed costs on a number of poultry farms for 2 years, as 
reported from England,"** represented 60 and 54 per cent of the 
toUl cost. On 172 New York farms*® the feed cost per layer 
represented 60.0 per cent of the total cost in 1946-47. The feed 
cost for rearing on commercial poultry farms in New York** 
represented 46 per cent of the total cost in 1940-41. In an eco- 
nomic study of the broiler industry in Western Indiana*’ feed 
cost was 54.3 per cent of the total cost of producing broilers. 

Rn conditions, feed will represent approximately 

nf n,/ produemg eggs and about 50 per cent 

of the cost of rearing chickens. 
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APPENDIX 


In the main chapters we discussed the requirements that need 
to be met in order to make the various rations complete and 
effective. In the application of these requirements to actual 
rations it is possible to formulate a large number of mixtures 
for any specific purpose. These mixtures will vary in different 
localities depending to a large extent upon the feed ingredients 
that are available. 

In the appendix are given representative rations for definite 
purposes. Selections have been made of typical rations as rec- 
ommended in different sections of the United States and Canada, 
The kinds of rations given are as follows: 


I. 

Rations for young chickens 

page 528 

n. 

Rations for layers 

page 554 

Ill, 

Rations for breeders 

page 572 

IV. 

Fattening rations. 

page 580 

V. 

Rations for turkeys 

page 586 

VI. 

Rations for ducks 

page 609 

VII. 

Using local grain for poultry 

page 613 

(Rations , 

[or geese will be found in Chap. 

17; for pigeons and 


other species, in Chap. 18.) 
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SECTION I. RATIONS FOR YOUNG CHICKENS 

CORNELL. (Department of Poultry Husbandry, New York 
State College of Agriculture, StcncH 205, January, 1953, Rec- 
ommendations for formulating poultry rations; Stencil 210, 
February, 1954, Broiler rations.) 

Chick Starter Mashes . To be fed as an all-mash ration to 
chicks until 6 weeks of age. Limited amounts of grain, not to 
exceed 20 per cent of the dally feed intake, may be fed with it In 
the following 2 weeks. 

Confinement Grower Mashes. To be fed to growing chicks 
from 8 weeks to maturity in confinement or on poor pasture. De- 
signed for free-choice feeding along with grain. 

Pasture Grower Mashes . To be used with free-choice grain 
feeding only on good pasture supplying abundant succulent forage. 

Broiler Starter Mashes . To be fed at least the first 8 weeks 
of the growth period. They may be used until broilers reach 
market age. When they have reached that age, a limited amount 
of grain, not to exceed 20 per cent, can bo fed after 8 weeks. 

Broiler Grower Mashes To be fed after 8 weeks of age. The 
all-mash grower ration is fed without grain. The mash to be fed 
with grain can be fed after 8 weeks with free access to a grain 
mixture. The grain intake should not exceed 40 per cent of daily 
feed consumption. 

Mashes . Mash concentrates to be used with local 
grain (see Section Vn) 
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CORNELL CHICK STARTER MASHES 



lb. /ton 

lb, /ton 

lb. /ton 

lb. /ton 

Yellow corn meal 

900 

895 

940 

855 

Ground wheat 

250 

200 


200 

Wheat flour middlings 



200 

Wheat standard middlings 



200 

Ground barley 




Ground oats 

100 

200* 

100 


Soybean meal 

450 

425 

350 

350 

Corn gluten meal 



100 

lo’o 

Peanut meal 




Fish meal 

SO 

100 



Fish solubles 



50 


Meat scrap 

*50 


50 

100 

Corn distillers’ dried solubles 

50 


100 


Dried whey 

Molasses distillers’ dried 

50 

50 


100 

solubles 


25 



Dehydrated alfalfa meal 

50 

50 

50 

50 

Riboflavin supplement to supply 

(mg. riboflavin) 

500 mg. 

500 mg. 

700 mg. 


Vitamin Bo supplement to sup- 

ply (mg. B,j) 

1 mg. 



2.5 mg. 

D-activated animal sterols 

(1500 l.C.U./gm.) 
or 

Vitamin feeding oil (300 D, 

0.8 

0.8 

0.8 

0.8 

1500 A) 

4 

4 

4 

4 

Steamed boncmeal * 

IS 

20 

25 

10 

Limestone 

30 

30 

30 

30 

Salt (iodized) 

Manganese sulfate (05% feeding 

5 

5 

5 


grade) 

0.4 

0.4 

0.4 

0.4 

Antibiotic feed supplement 

4 

4 

4 

4 

Protein, % 

20.5 

20.3 

20.G 

20.5 

Calcium, % 

1.3 

1.2 

1.3 

1.3 

Phosphorus, total, % 

0.7 

0.7 

0.7 

0.7 

available. % 

0,4 

0.4 

0.4 

0.4 

Vitamin A, • I.U./lb. 

3400 

3400 

4200 

3100 

Vitamin D., I.C.U./Ib. 

270 

270 

270 

270 

Riboflavin, mg. /lb. 

1.6 

l.G 

1.7 

1.7 

Vitamin pg./lb. 

2 

2 

2 

2 


• AssumlnR use of alfalfa meal containing; 100,000 International 
Units vitamin A acllvlly per pound, and no feedinR oil. 
t From animal proteins and vitamin B,; supplement. 
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CORNELL CONFINEMENT GROWER MASHES 



Ib./ton 

Ib./ton 

Ib./ton 

lb. Aon 

Yellow corn meal 

710 

575 

640 

605 

Ground wheat 

WTieat flour middlings 

300 

200 


300 

^Vheat standard middlings 


300 

200 

300 

Ground barley 



100 

Ground oats 

200 

200 

200 


Sojhean meal 

400 

350 

350 

310 

Corn gluten meal 

Peanut meal 



100 

100 

Fish meal 

Fish solubles 

SO 

100 

so’ 


Meat scrap 

SO 


50 

100 

Com distillers’ dried solubles 

100 


50 


Dried whey 

Molasses distillers’ dried 


50 

50 

100 

solubles 


25 



Dehydrated alfalfa meal 

100 

100 

100 

100 

Riboflavin supplement to sup- 
ply (mg. riboflavin) 

Vitamin Bu supplement to 





supply (rag. B,i) 

D-actIvated animal sterols 

1 mg. 



2 mg. 

(1500 l.C.U./gm.) 

0.8 

0.8 

0.8 

0.8 

or 



Vitamin feeding oil (300 D 





1500 A) 

4 

4 

4 

4 

Steamed bonemeal 

Limestone 

Salt (iodized) 

Manganese sulfate (65% feedine 

60 

20 

10 

60 

30 

10 

70 

30 

10 

55 

20 

10 

grade) 

0.5 

0.5 

0.5 

0.5 

Antibiotic feed supplement 

± 


± 



Protein. % 

Calcium, % 

Total phosphorus, % 
available, % 
Vitamin A,* I.U./lb. 
Vitamin D, I.C.U./lb. 
Riboflavm, mg./lb. 
Vitamin Bj^.t pg./lb. 


20.6 20 4 

1.8 1.8 

1.0 1.0 

0.7 0.7 

5700 5600 

270 270 

1-3 1.5 

1.9 2.0 


20.4 20 

1.9 1-8 

1.0 0.9 

0.7 0.7 

5600 5600 

270 270 

1.7 1-8 

2.1 1-8 


unus « Jr ‘"I rj. 

t From anmal protein, and vitamin B„ supplement. 
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CORNELL PASTURE GROWER MASHES 



Ib./ton 

Ib./ton 

Ib./ton 

Ib./ton 

Yellow corn meal 

665 

715 

665 

905 

Ground wheat 

300 


200 


Wheat flour middlings 


200 



Wheat standard middlings 


200 

200 

200 

Pulverized oats 

300 

100 


100 

Ground barley 


100 

200 

100 

Soybean meal 

' 600 

400 

450 

450 

Corn gluten meal 


100 



Peanut meal 



100 


Fish meal 




50 

Meat scrap 




50 

Corn distillers’ dried solubles 


50 



Dried whey 

Molasses distillers’ dried 



50 


solubles 




25 

Steamed bonemeal 

85 

85 

85 

60 

Limestone 

30 

30 

30 

40 

Salt (iodized) 

Manganese sulfate (65% feeding 

20 

20 

20 

20 

grade) 

0.5 

0.5 

0.5 

0.5 

Antibiotic feed supplement 

± 

± 


± 

Protein, % 

20.7 

20.4 

20.5 

20.5 

Calcium, % 

1.9 

1.8 

1.9 

2.0 

Total phosphorus, % 

1.0 

1.0 

1.0 

1.0 

available, % 

0.7 

0.7 

0.7 

0.7 
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CORNELL BROILER STARTER MASHES 


Ingredients 

Ib./ton 

Ib./ton 

Ib./ton 

Ground yellow corn 

975 

970 

780 

Crushed (or coarse ground) wheat 

300 


400 

Wheat flour middlings 


200 


Pulverized oats 


100 


Soybean meal (solvent) 

400 

330 

420 

Corn gluten meal 


100 

100 

Fish meal 

50 

100 


Fish solubles 



'so 

Meat scraps 

100 


50 

Corn distillers’ dried solubles 

50 

50 

75 

Dried whey 

50 

50 


Molasses fermentation solubles 



25 

Alfalfa meal (minimum 17% protein) 

50 

50 

50 

Ground limestone 

20 

30 

30 

Dlcalcium phosphate 


20 

20 

Salt 

' 5 

5 

5 

Manganese sulfate (feed grade) 

0.5 

0.6 

0.5 

D-aotivated animal sterols (1$00 D) 

0.5 

0.5 

0.6 

Vitamin feeding oil (300 D, 1500 A) 
Riboflavin supplement to supply (gm 

2 

2 

2 

riboflavin) 

Vitamin Bjj supplement to supply 

1 gm 

1.5 gm 

1 gm. 

(mg. Bjj) 

4 mg. 

4 mg. 

4 mg. 

Antibiotic feed supplement 




Calculated composition- 

Protein. % 

20.9 

20.9 

21.1 

Calcium. % 

1 2 

1.2 

1.3 

Phosphorus, total, % 

0 67 

0.77 

0.72 

available, % 

0.42 

0.50 

0.45 

Vitamin A.* USP units/lb. 

4500 

3500 

4200 

Vitamin D, l.C U./lb. 

170 

170 

170 

Riboflavin, mg. /lb. 

1.9 

1.9 

1.9 

Vitamin pg.Ab 

4 

4 

4 

Niacin, mg Ab. 

16 

17 

21 

Pantothenic acid, mg./lb. 

4.7 

4.5 

5.0 

Productive energy, cal./lb. 

925 

885 

895 


* Calculat^ assuming alfalfa meal contains 100.000 USP units per 
pound, and without use of vitamin feeding oil m formula. 
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CORNELL BROILER GROWER MASHES 


Ingredients 

All-Mash Grower 
Ib./ton 

Mash-Grain Grower 
Ib./ton 

Ground yellow corn 

1125 

845 

Crushed (or coarse ground) 

wheat 

300 

yuu 

Soybean meal (solvent) 

250 

350 

Corn gluten meal 

75 

100 

Fish meal 

50 

50 

Meat scrap 

50 

100 

Corn distillers’ solubles 

50 

50 

Dried whey 


50 

Alfalfa meal 

*50 

75 


15 

30 

Limestone 

30 

40 

Salt 

5 

10 

Manganese sulfate (feed grade) 

0.5 

1 

D-activated animal sterol 

(1500 D) 

0.5 

1 

or 

Vitamin feeding oil (300 D, 

1500 A) 

2 

4 

Riboflavin supplement to sup- 

ply (gm. riboflavin) 

2 gm. 

2.5 gm. 

Vitamin B 12 supplement to 

supply (mg Bij) 

2 mg. 

4,5 mg. 

Antibiotic feed supplement 

+ 

4- 

Calculated composition: 

Protein, % 

18.1 

21.5 

Calcium, % 

1.3 

2.0 

Phosphorus, total, % 

0.69 

0.97 

available, % 

0.45 

0.72 

Vitamin A, USP units/lb. 

4300 

5600 

Vitamin D, I.C.U./lb. 

170 

340 

Riboflavin, mg./lb. 

2 

2.7 

Vitamin Bjj, pg./lb. 

Niacin, mg./lb. 

2.4 

4 

IG 

16 

Pantothenic acid, mg./lb. 

4 

4.7 

Productive energy, cal./Jb. 

9C0 

870 
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BRITISH COLUMBIA. (University of British Columbia and 
Department of Agriculture, U. B. C. Feed Formulas for Poultry, 
Poultry Circular 37, 1954.) 

Chick Starting Mash . Designed to be fed to chicks for the 
first 4 to 8 weeks. Depending upon the rate of growth of the 
chicks, scratch grain may be fed In gradually Increasing amounts, 
beginning with the fifth week. In case of cannibalism, ground or 
crushed oats should be self-fed. 

Chick Growing Mash . To be fed with scratch grain In approxi- 
mately' equal amounts. 

Broiler Mash. All-mash ration to be fed up to 8 weeks of age. 
Small amounts of scratch grain may be fed from the ninth week 
until marketing. If white skin, flesh, and fat are preferred, 
wheat may be used as the only grain. If yellow pigmentation Is 
preferred, then equal amounts of wheat and corn should be fed. 

In case of cannibalism, whole oats should be fed In small quanti- 
ties several times a day. 


BRITISH COLUMBIA MASHES FOR YOUNG CHICKENS 


Ingredients 

Coarse ground wheat 

Ground yellow corn 

Pulverized oats 

Ground barley 

Wheat bran 

Wheat middlings 

Fish meal (65-70% protein) 

Meat and bone scrap (50% protein) 
Dried milk by-products 
Soybean oil meal (44% protein) 
Dehydrated green feed 
Distillers’ dried solubles or fermenta- 
tion solubles 
Ground limestone 
Steamed bonemeal 
Iodized salt 
Manganese sulfate 

Feeding oil (2250 I.U , A, 300 l.C U.. 

D per gram) 

Choline chloride 
Riboflavin 
Vitamin B|2 
Antibiotic 


Chick 

Chick 

Broiler 

Starting i 

Growing 

Mash 

Mash 

Mash 

(per ton) (per ton) 

(per ton) 

lb. 

lb. 

lb. 

805 

770 

700 

300 

200 

400 

100 

200 


100 

100 



100 


100 

100 

200 

100 

50 

100 

100 

100 

100 

50 


50 

200 

150 

300 

, 50 

100 

40 

50 lb. 

SO lb 

60 lb. 

30 

40 

25 


20 

10 

y 10 

15 

10 

j 4 oz. 

8 oz. 

5 oz. 

5 lb. 

5 lb. 

5 lb. 

1-2 lb. 


1-2 lb 

3 gm 

3 gm 

3 gm. 

1-2 mg 

1-2 mg 

4 mg- 

2-10 gm. 

2-10 gm. 

4-10 gm. 
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CALIFORNIA. (California Olflcial Random Sample Chicken 
Meat Production Test, Modesto, 1954.) 

MASH FORMULA 

Ingredient 

Alfalfa meal, dehydrated 
Barley, ground 
Bonemeal, special steamed 
Corn, yellow ground 
Fish meal, 65% protein minimum 
Milo, ground 
Ground limestone 

Soybean oil meal, 44% protein minimum 
Wheat, ground 
Salt, fine 

Vitamin A and D oil (2250, 400 D) 

Butyl fermentation product (3630 mg. riboflavin per lb.) 

Manganese sulfate, feeding grade 
Antibiotic supplement 

FLORIDA. {University of Florida, 1954.) 

FLORIDA MASHES FOR YOUNG CHICKENS 


Chick Starting 
and Growing* 


Ingredients 

Ration, lb. 

Broiler Ration, lb. 

Wheat bran 

3 


Wheat middlings 

7 


Yellow corn meal 

36 

*50 ' 

Ground oats 

5 


Distillers' solubles 

3 


Alfalfa leaf meal 

6 

3 

Soybean meal 

30 

35 

Meat scraps 

3 


Fish meal 


3 

Dried whey 

3 

3 

Steamed bonemeal 

2 

1.5 

Oystershell flour 

1 

1.5 

Salt 

1 

0.5 

Manganese sulfato. 

5.7 gm. 

5.7 gm. 

Delslerol 

9.0 gm. 

9.0 gm. 

Vitamin A / 


14 gm. 

Calcium pantothenate 


1 gm. 

Riboflavin * / 


0.15 gm. 

Nicotinic acid 


1.5 gm. 

Choline chloride 

Aurofac 2A 


12.7 gm. 

57 gm. 


•Grain to be added after 6 to 8 weeks. 


Lb. /ton 

80 

100 

15 

600 

200 

400 

40 

250 

20Q 

10 

2 

1/2 

1/2 

4 
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IOWA.’ (Iowa State College Poultry Department, 1954.) 


IOWA RATIONS FOR YOUNG CHICKENS 


Insredient and Protein Content 

Ground yellow com 
Ground whole oats 
UTieat bran 
Wheat middlings 
Dehydrated allalfa meal <17%) 

Soybean oil meal (44%) 

Meat and bone scrap (50%) 

Fish meal (65%) 

Dried whey or buttermilk 
Steamed bonemeal (or equivalent) 

Ground oystershell or limestone 
Iodized salt 
Manganese sulfate 

Vitamin D concentrate (1500 I.C.U. per 
gm.) 

Vitamin A concentrate (2250 I.U. per 

pn.) 

Vitamin A-D concentrate (2250 A. 300 D) 
Riboflavin concentrate (500 meg./gm.) 
Riboflavin concentrate (227 mg./lb.) 
Niacin (grams) 

Choline chloride (25%) 

Pantothenic acid (grams) 

Vitamin B|j (milligrams) 

Total pounds 


Starting 

Growing 

Broiler 

20% 

20% 

No. 1 

No. 2 

1000 

580 

1135 

1001 

100 

200 


100 

100 

200 


'100 

100 

200 

100 

100 

200 

50 

50 

360 

400 

450 

500 

100 

100 

100 

50 

50 


50 

50 

30 


50 

50 

20 

50 

20 

40 

20 

30 

10 

20 

9 

18 

9 

9 

1 

1 

1 

1 

1 

2 

1 

1 

5 

5 

* 4 

' ' *4 



20 

20 

’ 10 

io 


■ ’20 

20 

20 

’ ’20 

4 

4 

4 

4 



10 

10 

8 

4 

5 

5 

2000 

2000 

2000 

2000 


The starting mash IS to be fed as “all-mash.” Gram IS to be 

fed with the other mashes. Vitamins are usually provided in the form of 
concentrates. Adjustments must be made to compensate for differences 
in potency. Antibiotic supplements should be fed as supplements to the 
starting ration. The manufacturers’ recommendations will be a satis- 
factory guide for the level to include with the specific antibiotic concen- 
trate. 

Antibiotics should be added to either of the above broiler rations. 
Femcillm at 2-4 grams per ton or aureomycm, terramycm, or baci- 
grams per ton are the commonly recommended levels. 
Methionine may be added at the rate of 0.5-1 0 pound per ton. 
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NEBRASKA. (University of Nebraska, Leaflet 109, 1953.) 


NEBRASKA MASHES FOR YOUNG CHICKENS 


Ingredients 

Ground yellow corn 

Wheat shorts or pulverized oats 

Soybean meal 

Alfalfa meal (17% protein plus) 

Meat scraps (50% protein plus) 

Fish meal 
Dried whey 
Fish solubles blend 

Nebraska Vitamin Concentrate No. 4 * or 
equivalent 

Mineral Mixture No. 57t 


Chick 

Broiler 

Starter 

Ration 

53-C, lb. 

53 Br, lb. 

300 

580 

200 

50 

150 

150 

50 

50 

100 

100 

20 

30 

30 


20 


10 

10 

30 

30 


*Each pound of Vitamin Concentrate No. 4 to carry the following 
minimum values: 


Riboflavin 0.2 gm. 

Calcium pantothenate 0.4 gm. 

Niacin 0*6 gm. 

Choline chloride 2,0 gm. 

Dj 135,000 1.C.U. 

Bi 2 0.3 mg. 

Antibiotic (procaine penicillin) • BOO mg. 

(aureomycln) 1 gm. 

(tcrramycin) 1 gm. 

(bacitracin) 1 gm. 


tMineral Mixture No. 57 Parts by weight 

403 
403 
ICl 
33 
1000 

tTracc Mixture No. 1 carries enough manganese, Iodine, Iron, cobalt, 
copper, zinc, and other minor mineral elements when included at a level 
of 33 parts per 1000, and the complete mineral supplement Is used at a 
level of cither 2 or 3 per cent to supplement Ingredients as called for in 
these formulas. 


Steamed bonemeal (or equivalent) 

Limestone 

Salt 

Trace Mixture No. IJ 
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NEW ENGLAND COLLEGE CONFERENCE. (High efficiency 
poultry feed formulas, revised, June, 1954.) 


RATIONS FOR YOUNG CHICKENS 


All-Mash 
Chick Starting 
and Broiler, lb, 


All-Mash 

Grower, 

lb. 


Manganese sulfate or equiva- 
lent (7) 

Antibiotic supplement 
Vitamin Bjj supplement 
Niacin 

Choline chloride (dry, 25%) 
DPPD (Diphenyl-p-phenylene- 
diamine) 

Coccidiostat 


Calculated Analysis 


0 25 

• ( 6 ) 

• (9) 

18 gm. 

2 5 

0 25 

* qii 


Mash and 
Grain (14), 
Grower, 
lb. 


Ground yellow corn (1) 

1100 

1050 

950 

Ground barley or pulverized 
oats (2) 


200 

100 

Standard wheat middlings 

100 

250 

200 

Soybean oil meal (44%) 

500 

200 

350 

Fish meal (60%) (13) 

100 

50 

50 

Meat and bone scrap (50%) 


50 

75 

Alfalfa meal (17%) (100,000 A 
per lb.) 

60 

75 

100 

Distillers dried solubles (3) (4) 

50 

50 

75 

Butyl fermentation product (3)(4) 

20 

20 

20 

Dicalcium phosphate or 
equivalent (5) 

24 

24 

36 

Ground limestone (feeding 
grade) 

30 

25 

50 

Iodized salt 

10 

10 

15 

Dry vitamin D (1500 D per 
gram) (6) 

0 5 

0.5 

0. 


• (9) 

18 gm. 


* (10) 

LOD 


• (9) 
30 gm. 


• ( 10 ) 

2022 10 


Energy 

Protein 

Fat 

Fiber 

Calcium 

Total phosphorus 
Readily available 
phosphorus 
Manganese 
Vitamin A 
Vitamin D 
Riboflavin 
Pantothenic acid 
Choline 
Niacin 


cal /lb. 

% 

% 

% 

% 

% 

% 

mg /lb 

1 U.Ab 
I U.Ab 
mg Ab 
mg Ab 
mg Ab 
mg Ab 


898 
21.1 
3 2 
3 7 
1.36 
0 77 

0 50 
24 0 
4308 0 
170 0 
2 4 
5 3 
684 0 
23 0 


691 

16.2 

3.7 

4.2 
1.34 
0 82 

0 53 

27.0 

5007.0 

170.0 

2.3 
5.2 

431 0 

29.0 


903.0 
16 2 
3.6 

4.4 
1.43 
0.77 

0 50 

27.0 

4463.0 

157 0 

1.9 

4.9 
424 0 

26.0 
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(1) Two to four hundred pounds of coarsely ground wheat may be 
used to replace an equal amount of corn. Add 0.4 pound of vitamin A and 
D oil for each 100 pounds of corn removed. 

(2) On a nutrient content basis, barley is preferred to oats. Both 
barley and oats may be replaced by com if a higher energy level is 
desired. 

(3) 20 pounds of a butyl fermentation product containing at least 
250 micrograms of riboflavin per gram.(or 113.5 milligrams per pound) 
and 50 pounds of dried distillers solubles, or 40 pounds yeast or 40 
pounds of dried whey plus a riboflavin supplement to furnish not less 
than 2.0 milligrams per pound in the final ration. To determine the 
amount of riboflavin supplement to use above, divide the number of 
milligrams desired by the manufacturer’s guaranteed potency. Example ; 
needed to furnish 454 milligrams, using a product having a guaranteed 
potency of 113.5 milligrams per pound. Solution ; 454 divided by 113.5 
equals 4 pounds needed in addition to either the yeast or the solubles. 
This ^ ^ example only , not an actual case. 

(4) A vitamin concentrate containing not less than 2 grams of 
riboflavin and 4 grams of pantothenic acid and possibly other vitamins 
may be used to replace part or all of the fermentation products, and 
the total weight made up by adding corn meal. 

(5) Steamed bonemeal or defluorinated rock phosphate may replace 
the dicalcium phosphate on a phosphorus basis. Raw rock phosphate 
containing not more than 3.5 per cent fluorine may replace one-half of 
the phosphorus in the dicalclum phosphate in the grower. 

(6) Vitamin A and D feeding oil may be substituted on a unit basis. 

(7) Manganese sulfate (70 per cent feeding grade) or equivalent 
amount of manganese from other sources. 

(8) Use one to five pounds per ton depending upon the product used. 
Su^csted levels are aureomycin, bacitracin, or terramycin, 9 gm.; or 
procaine penicillin, 2 to 4 grams per ton of finished ration, or equiva- 
lent. 

(9) Use a vitamin B |2 concentrate contributing not less than G 
milligrams of vitamin Bjj per ton of ration. 

(10) ’DPPD (diphenyl-p-phenylenediamine) is an antioxidant used in 
the chick starting and broiler ration at the 0.0125 per cent level to 
prevent the appearance of encephalomalacla (crazy chick disease). If 
desired It may also be added at the 0.0125 per cent level (one-quarter 
pound per ton) to the other rations to help prevent the destruction of the 
fat soluble vitamins. 

(11) A coccidlosis controlling drug may be used in these rations at 
the level recommended by the manufacturer, 

(12) If an even 2000 pounds is desired, adjust by removing or adding 
middlings. 

(13) If a high salt fish meal is used, omit the added salt. 

(14) Feeding ratio equals two parts of mash to one part of grain. 
Grain mixture contains fifty parts of corn, twenty-five parts of wheat 
and twenty-five parts of oats. 
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NORTH CAROLINA. (North Carolina State College of Agricul- 
ture and Engineering, University of North Carolina, 1954.) 


NORTH CAROLINA RATIONS FOR YOUNG CHICKENS 



No. 43 

No. 44 

No. 45 

No. 48 

Broiler or 


Grower 


Starter 

Finisher 

All-Mash Grain-Mash 

Ingredients 

20% 

17% 

16% 

2U't 


lb. 

lb. 

lb. 

lb 

Ground yellow com 

1143 

1275 

975 

910 

Pulverized oats 


10 0 

250 

lOO 

WTieat middlings 

100 


300 

200 

Com gluten meal 

Alfalfa meal (17% protein) 

SO 

SO 


100 

100,000 A per lb. 

75 

75 

75 

Fish meal (60% protein) 
Soybean oil meal (44% 

100 

75 

SO 

50 

protein) 

400 

300 

225 

425 

WTiey, dried 

Butyl fermentation solu- 
bles (250 tng.) ribofla- 

30 

30 

20 

20 

vin per gm.) 

Steamed bonemeal or 

40 

40 

20 

20 

equivalent 

50 

50 

30 

60 

Salt 

Feeding oil (300 D. 1500 A 

9 

9 

10 

20 

per gm.) 

D-activated animal sterol 

0.5 

0.5 

0.5 

2.50 

(1500 D per gm.) 

Meat and ^ne scrap (50% 

1 

1 

0.75 

1 

protein) 



25 

75 

Antibiotic supplement 

grams 

++• 

grams 

++• 



Vitamin Bjj supplement 

6 — 10 mg. 

6—10 mg. 

6 mg. 

10-12 mg. 

Choline chloride (dry 25%) 

2 

2 



Niacin 

20 gr. 

20 gr 

18 gr. 

20 gr- 

Manganese sulfate 

Pulverized oystershells 

0.5 

0.5 

0.25 

0.50 

or equivalent 



20 

20 

Total 

2001+ 

2008+ 

2002+ 

2004+ 


•Aureomycin, bacitracin, penicillins, and terramycin are added to 
toiler mashes for the purpose of stimulating growth in young chickens. 
Two arsomc compounds are also being used commercially in broiler 
feeds to stimulate growth in young chickens. The quantity of antibiotic 
as well as arsonic compound added to a broiler mash should be gov- 
erned by the recommendation of the manufacturer. 



APPENDIX 


541 


Suggestions on feeding ; 

1. Self-feed the chicks broiler or starter mash without grain for 7 
weeks. Replace the broiler mash with the finisher at 8 weeks, and feed 
it until the broilers are marketed. Some broiler growers, instead of 
using a finishing mash, prefer to feed the broiler mash throughout the 
growing period and finish the birds by feeding all the cracked yellow 
corn the broilers will clean up in 20 to 30 minutes in the late afternoon. 
The feeding of corn is started at 8 weeks of age. 

2. Self-feed the replacement stock starter or broiler mash without 
grain for 7 weeks. Change the replacement stock from starter to 
grower at 8 weeks of age, 

3. Do not feed a scratch mixture or separate grains with the all- 
mash 16 per cent protein mashes. 

4. Feed a scratch mixture or separate grains with the 20 per cent 
protein mashes. 

5. Keep crushed oystershells or limestone before the birds that are 
fed the 20 per cent protein grower. It is not necessary to feed crushed 
oystershells or limestone to the chickens receiving the all-mash 16 per 
cent protein mashes. 

6. The growing chickens fed a scratch mixture'or separate grains 
should have access to insoluble hard grit or gravel. Crushed granite, 
quartz, and feldspar are examples of hard grit. 

ONTARIO AGRICULTURAL COLLEGE. (S. J. SUnger, W. F. 
Pepper, and J. R. Cavers. O.A.C. Chicken Starting, Growing, 
and Fattening Feed Formulas, O.A.C. Circular 142, revised, 
January, 1954; O.A.C. Broiler Feed Formulas, O.A.C . Circular 
143, revised, June, 1953.) 

Starter Mash . The feeding of chick grain as the sole feed, at 
the start, is often helpful in preventing pasting-up. It is recom- 
mended that chick grain not be fed for longer than 24 hours. 

This mash contains about 20 per cent protein (N X 6.25). It is 
designed to be fed for the first 8 weeks of life. It should be used 
as an all-mash ration for the first 7 weeks. For the period from 
7 to 8 weeks of age a small amount of whole oats may be fea in 
conjunction with the mash. The feeding of insoluble grit is par- 
ticularly important when grain feeding begins. 

Chick Starter Concentrate . This concentrate when mixed 
in the proportion of 100 parts of concentrate to 225 parts of 
ground grains will make a chick starter mash containing about 
20 per cent protein (N x 6,25). To have the chick starter mash 
similar in composition to the mash shown it is suggested that 
the ground grains be used in the proportions of 4 parts wheat, 

1 part corn, 1 part barley, and 1 part oats by weight. The re- 
sultant starter mash should be used as already indicated for the 
chick starter mash. 
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Chick Confinement Grower Mash. This mash contains about 
ig’percent protein (N x 6.25jruTs designed to be fed to con- 
fined birds in conjunction with whole grain from 8 weeks of age 
until the birds begin to lay. The mash should be fed free 
choice, and grain should be hand fed in accordance with mash 
consumption, gradually increasing the level of grain feeding as 
the birds grow. As a guide, it is suggested that by 12 weeks o 
age the birds should be eating 75 parts of mash and 25 parts o 
grain; by 14 weeks of age, 60 of mash and 40 of grain; and at 1 
weeks of age, 50 of mash and 50 of grain. For confinement- ^ 
reared pullets it is not desirable at any time to have the grain 
consumption greater than that of mash. 

Chick Confinement Grower Concentrate . This concentrate 
when mixed in the proportions of 100 of concentrate to 225 of 
ground grains will result in a confinement grower mash con- 
taining about 19 per cent protein. To make a grower mash simi- 
lar in composition to the confinement mash presented, the 
ground grains should be used in the proportions of 6 parts wheat, 
3 parts barley, 3 parts oats, and 2 parts corn by weight. The 
confinement grower mash made in this way should be used in 
the manner Indicated previously. 

Chick Range Grower Mash . This mash contains about 17.7 
protein (rTx 6.^). It is designed to be fed to birds on range 
from about 8 weeks of age until egg production begins. Mash 
should be freely accessible and grain limited until the birds 
are 12 weeks of age. After this time mash and gram may be 
made freely available in separate hoppers. If the range is suc- 
culent and short, the birds will gradually tend to consume more 
grain in proportion to mash as they grow. As a guide they 
should be consuming about 50 parts of mash to 50 parts of grain 
at 12 weeks of age, 40 parts of mash to 60 parts of grain by 16 
weeks, and 30 parts of mash to 70 parts of grain by 20 weeks 
of age. It may be necessary to adjust these proportions some- 
what during the latter part of the growmg period, depending 
upon the rate of maturity. For birds reared out of doors but 
with little or no pasture available, the mash designed for 
confinement-reared birds should be used in preference to the 
range grower mash. 

Grower Concentrate . This concentrate when 
mixed in the proportions of 100 parts of concentrate to 300 parts 
of ground grains will make a range grower mash containing 
about 17.7 per cent protein (N x 6.25). To have a mash similar 
in composition to the range grower mash shown, the ground 
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grains should be used in the proportions of 7 parts wheat, 3 
parts barley, 3 parts oats, and 2 parts of corn by weight. The 
range mash made in this way should be used as suggested above 
for the range grower mash. 

Broiler Feed. Regardless of the program used {Number 1, 2, 
or 3) the birds should be fed the starter mash for the first 6 
weeks of age. At this time they should be changed to the formu- 
las listed under 7 to 10 weeks. The change should be made 
gradually over a period of about 3 days. They should be fed 
this diet until they are 10 to 11 weeks old if they are to be mar- 
keted as broilers. The diets listed under *‘11 to 15 weeks” were 
devised for light roasters. 

The feeding of chick grain as the sole feed for 24 hours is 
often helpful in preventing pasting-up. After this time no grain 
or additional minerals should be fed in conjunction with these 
mashes. Mash should be available for from 12 to 14 hours a day. 

Insoluble grit such as granite should be sprinkled on the feed 
twice weekly or made freely accessible to the birds in separate 
hoppers. Chick-size grit is advisable for the first 6 weeks, 
after which grower-size grit is preferable. 

Clean, fresh water should be easily accessible at all times. 
Placing waterers close to all feed hoppers is a distinct advan- 
tage. 
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OA.C. CHICKEN STARTING AND GROWER MASHES 


Chick 

Chick ConfiBC- 
Chick Starter ment 

Starter Concen- Grower 
Mash, trate. Mash. 

Ingredients Ih. lb. lb. 


Ground wheat IB® 

Ground yellow corn 200 

Ground barley 200 

Pulverized oats 200 

Dehydrated alfalfa meal 
(100,000 l.U. vitamin A 
activity/lb.) or cereal grass 63 
Meat meal (50% protein) 20 

Fish meal (65% protein) 50 

Dried buttermilk or sklmmilk 40 
Soybean oil meal (44% protein) 400 
Ground limestone 15 

Steamed bone meal or equiv- 
alent 40 

Iodized salt 10 

Vitamin A oil (10,000 I.U./gm.) 0.15 

Dry vitamin Dj (1650 I.C.U./ 
gm.) 1 


Manganese sulfate (feed grade) 0.25 


200 

60 

160 

120 

1275 

60 

SO 

30 

2 

3 

0 75 


600 

200 

300 

300 


93 

70 

25 

40 

300 

20 

40 

10 

0.75 


0.4 


Chick 

Confine- 

ment 

Grower 

Concen- 

trate, 

lb. 


Chick 

Range 

Grower 

Mash, 

lb. 

700 

200 

300 

300 


Chick 

Range 

Grower 

Concen- 

trate. 

Ib. 


300 

240 

80 

130 

1000 

90 


120 

34 

2 


50 

60 

20 

40 

250 

25 


207 

240 

80 

160 

1000 

100 


45 

10 

0.75 


165 

40 

2 


3 

1.25 


Riboflavin 
Antibiotic* 
Arsonic acidt 


2 7 3 

2-10 6-30 2-15 

45-90 135-270 4 5-90 


10 2 
10-50 2-10 

135-270 45-«0 


8 

8-40 


135-2’^® 


Vitamin Bu 
Calculated analysis: 
Min. crude protein 
hUn. crude fat 
Max. crude fiber 
Calcium 

Total phosphorus 
Inorganic phosphorus 


mg. 

3 

% 

20.4 

2.3 

5.4 
1.2 
0.8 
0.48 


mg 

10 

% 

38.6 

1.6 

6.9 

3.3 

1.4 
1.08 


mg. 

3 

% 

19 0 
2.6 
6.1 
1 4 
0.8 
0 56 


mg. 

10 

% 

35.5 
2.1 
7.6 
5 0 
1.8 
1.56 


mg. 

3 

% 

17.7 

2.6 

5.6 

1.5 

0.8 

0.56 


mg- 

12 

% 

35.2 

21 

6.3 

5.7 

2.1 

1.85 


•If penicillin is used, the lowrer level Is satisfactory. If aureomycin, terra®y^ 
or bacitracm are used, the higher levels should be employed. , 

t Either 3-nltro, 4-hydroxyphenylar8onic acid at the lower levels indicated o 
arsanilic acid or sodium arsanilate at the higher levels may be used. 
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Substitutions. An equal mixture of wheat shorts and bran may 
be used to replace ground wheat or barley. For the starting diet 
an equal-parts mixture of wheat middlings and wheat shorts is 
more desirable. 

Dried whey may replace dried buttermilk or dried skimmilk. 
For every 40 pounds of dried milk replaced, increase the amount 
of soybean oil meal by 30 pounds and reduce the ground wheat 
by 30 pounds. 

Vitamin A feeding oil and dry vitamin Ds may be replaced by 
fish oil on an equal unitage basis. The vitamin A oil may be re- 
placed by dry vitamin A products or by vitamin A oils of other 
potency on an equal unitage basis. 

Steamed bonemeal may be replaced by defluorinated rock 
phosphate. Other calcium and phosphorus carriers may also be 
used. Replacement should be based on the calcium and phos- 
phorus content. 

Manganese sulfate may be replaced by other manganese car- 
riers to supply equal levels of man^nese. 

Ground limestone may be replaced by calcium carbonate. 
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O A.C. BROILER FEED FORMULAS 


Program No. I 
Age lA Weeks 
0-6 7-10 U-IS 


Program No. 2 
Age In Weeks 
i-€ T-10 11-15 


Program No. 3 
Age In Weeks 
).6 7-10 11-15 


Ground wheat lOi 

Ground yellow com 2< 
Pulverized oats 
Soybean oil meal 
(44% protein) S 
Soybean oil meal 
(50% protein) 

Soybean oil 
Dehydrated aUalia 
meal or cereal 
grass 
Meat meal 
(50% protein) 

Fish meal 
(65% protein) 

Dried iMitermlllc 
or Ekimmllk 
Ground limestone 
Steamed bonemeal 
Iodized salt 
ViUmln A oil 
(10,000 1 U /gm ) 
Dry vitamin D< 

(1500 I C U /gm ) 
DL Methionine 
(feed grade) 
Manganese sulfate 
(teed grade) 


RlboHavln 

Anubiotic* 
Arsomc acidt 


45-00 45-00 45-90 45-40 45-90 45-90 45-90 45-90 45-00 


Min crude protein 23 4 IS 4 16 6 23 4 18 9 16 7 21 9 18 8 1| 

Min crude tat 39 41 33 41 42 34 40 4.0 

Max crude fiber 44 38 41 3i 2Z 37 42 39 

Calcium 10 09 08 19 09 08 10 09 ' 

Total phosphorus 08 06 06 08 06 06 08 06 ' 

Inorganic phos- 

0 47 0 36 0 33 0 47 0 37 0 33 0 47 0 39 ' 

■Penicillin. 2 grains, aureomycln. terramyem or bacitracin. 10 grams 
t3 nitro-4 hydroxyphecylarscsiic acid, 45 grams, arsanilic acid or sodium arsanilate, 
90 grams 
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TEXAS. (Agricultural and Mechanical College of Texas, 1954) 


TEXAS Rv\T10NS FOR YOUNG ClflCKENS 


Chick Chicken Broiler 

Starter and Broiler Grower Finisher 
Ingredients AU-Mash All-Mash All-Mash 

% % ^ 


Ground mllo 
Ground yellow corn 
Sojbean oil meal (44% pro- 
teln)t 

Fish meal (60% protein) 

Fish solubles 
Dried whey 

Dchj'drated alfalfa leaf meal 
Steamed bODCmeal or equiva- 
lent phosphorus supplement 
Ground limestone or oyster- 
shell 
Salt 

Supplementst 


27* 

39* 

25* 

27 1/2* 

25* 

44* 

30 

22 

18 

2 1/2 

2 

2 1/2 

2 1/2 



2 1/2 

3 

Vl/2 

4 

5 

4 

2 

2 

2 

1 1/2 

1 1/2 

1 1/2 

1/2 

1/2 

l/2 


•Milo and com can be used Interchangeably depending upon price and 
availability. 

tSoybean oil meal may be replaced by cottonseed meal meeting the 
following quality specifications: ( 1 ) containing no more than 0.1 per 
cent free gossypol; (2) having a nitrogen solubility of at least 70 per 
cent in 0.02 N sodium hydroxide Ten per cent m the starter and 
broiler all-mash; 8 per cent m the chicken grower, all-mash; 6 per 
cent in the all-mash broiler finisher. 

JTo be added per ton of feed- 

1. Manganese sulfate: 1/2 pound. 

2. Antibiotics: Use either 10 grams of aureomycin, 10 grams of 
bacitracin, 10 grams of terramycin or 4 grams of penicillin- 
A combination of two, three or four of the antibiotics may be 
used In making up the combination, use a proportionate part o 
the above given levels on a per ton basis. 

3. Vitamin A: 2,270,000 International units Any source of vita- 
min A available may be used just so the total number of units 
added per ton is that given above 

4. Vitamin Dj; 1,200,000 International chick units. 

5 B vitamins: 4 gm. riboflavin, 10 gm. calcium pantothenate 
(Dextrorotatory); 25 gm. niacin. 100 gm. choline chloride. It 
will probably be necessary to obtain cholme chloride in the dry 
form as a 25 per cent supplement 

6 Vitamin B,j; 6 milligrams. 

7. Methionine- I pound 

8 Arsomc acids: Add level according to manufacturers’ recom- 
mendations (add to broiler, broiler finishii«. and starting 
rations only). 
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WASHINGTON. (Washingtoo Poultry Feed Formulas, Poultry 
Science Department, State College of Washington, Mimeo . 
1057, 1065, and 1582, 1954.) 

CHICKEN FRYER AND STARTER MASHES 



1 

2 

3 

4 

5 

6 

Ingredients 

% 

% 

% 

% 

% 

% 

Ground yellow corn or 

milo* 

64.7 

63.7 

59.8 

65.8 

66,5 

68.8 

Dehydrated alfalfa or grass 

(carotene, 12mg,/l00gm.) 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

Fish meal (70% protein) 

5.0 

3.5 

2.0 

3,5 

3.5 

10,0 

Soybean oil meal (44% pro- 

tein) 

24.0 

26.5 

28.8 

20.7 

18.2 

15.3 

Meat and bonemeal (50% 

protein) 



3.0 

5.0 

7.5 


Whey, dried 





1.6 

Limestone or shell flour 

1.6 

1.5 

1.6 

1.6 

1.5 

Steamed bonemeal or de- 

fluorlnated phosphate 

1.9 

2.0 

2.0 

0.6 


1.5 

Salt (Iodized, fine) 0.3 0.3 

Add the following to each 

0.3 0.3 

ton of feed 

0.3 

0.3 

Riboflavin (grams) 

1.0 

1.0 

0.22 

1.0 

1.0 

1.0 

Vitamin Da, millions of 

I.C.U. 

0.27 

0.27 

0.27 

0.27 

0.27 

0.27 

Methionine (97-100% pure) 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Manganese sulfate, lb. 

(100% pure) 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 


Antibiotlct 

Suggested analysis: protein, 20 per cent; calcium, 1.4 per cent; 
phosphorus, 0,7 per cent; vitamin A, 1200 International units per pound; 
vitamin D3, 135 International chick units per pound; and riboflavin 1.6 
milligrams per pound. 

The suggested method of feeding fryers is as follows: During the 
first 2 weeks keep mash or crumbles only before the chicks. From 2 
weeks to market age feed mash, crumbles or pellets. An amount of 
scratch that will be cleaned up In 20 minutes may be fed once a day 
after 6 weeks of age. 

The suggested method of feeding replacement stock is as follows; 
During the 8-week starting period keep mash, crumbles or pellets 
(after second week) always before the chicks. Start grain feeding the 
fourth week. Keep grain in hoppers continuously or feed all they will 
eat three times dally In the litter or yard. Food granite or silica grit 
of the proper size 1 day each week. 

•Up to 20.0 per cent of ground wheat, ground barley, or finely ground 
oats may be used to replace an equivalent amount of corn or milo; how- 
ever, substitutions of oats and barley will noticeably decrease feed 
efficiency. 

tif using diamine or procaine penicillin use at rate of 3 grams per 
ton. It using aurcomycln, bacitracin or tcrramycin use at rate of 10 
grams per ton. 



550 


APPENDIX 


WASHINGTON CHICKEN pEVELOPER MASHES 
(8 weeks to maturity) 



1 

2 

3 

4 

5 

Ingredients 

% 

% 

% 

% 

% 

Ground corn or ground milo 




4C.7 

48.9 

Ground grains* 

Wheat mbced feed (mill- 

48.8 

49.6 

51.9 

run)* 

20.0 

20.0 

20.0 

20.0 

20.0 

Fish meal (70% protein) 
Meat and bonemeal (50% 

2.5 


2.5 


2.5 

protein) 

Soybean oil meal (44% 


S.O 

5.0 


7.6 

protein) 

Cottonseed meal (43% pro- 

12.7 

10.7 

6.3 

17.1 


lein; maximum free gos- 
sypol, 0.003%) 





5 0 


Dehydrated alfalfa or grass 

(carotene, 12 mg./100gm.)tl0.0 

10 0 

10.0 

10 0 

10 0 

5.0 

1.6 

Limestone or shell flour 

20 

1.5 

1.5 

2.0 

2 3 

Steamed bonemeal or de- 
fluorinated phosphate 

3 2 

2 4 

2.0 

3 4 

2.9 

4.0 

Salt (iodized, fine) 

0.8 

0.8 

0 8 

0.8 

0.8 

0,8 

Add the following to each ton of feed 

Vitamin A, millions I.U. . .... 


6.9 

Vitamin D3, millions I.C.U 

0.27 

0.27 

0.27 

0.27 

o!27 

0.27 

Riboflavin (grams) 

1.6 

1.6 

1.6 

1 6 

1.6 

2.5 

Vitamin Bjj (milligrams) 




4.8 



Manganese sulfate lb. 

(100% pure) 

0.4 

0.4 

0.4 

0.4 

0 4 

0.4 


Suggested analysis: protein. 17.5 per cent; calcium, 2.0 per cent; 
phosphorus, 1.0 per cent; vitamin A. 6000 International units per pound; 
vitamin D3, 540 International chick units per pound; riboflavin, 2.0 mH ’ 
grams per pound. 

These mashes are formulated to be fed free choice with whole grains 
Adequate vitamins are provided to meet requirements when pullets con- 
sume up to 75 per cent whole grain. Granite or silica grit should be fed 
one day each week. 


•Ground com, milo, wheat, barley or oats may be used singly or id 
any combination with 0 to 20 per cent miUrun as long as the combined 
amounts of barley, oats, and millrun to not exceed 55 per cent of the 
mash 

tDehydrated alfalfa or grass may be reduced 5 per cent in rations 1 
through 5; and the ground grain may be increased by 5 per cent if vita- 
min A is added at the rate of 6 9 million International units per ton of 
mash Less vitamin A supplement will be required if a higher carotene 
dehydrated alfalfa or grass is used 
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WASHINGTON ALL INCLUSIVE DEVELOPER 

Ingredients 

MASHES 

No. 1 
% 

No. 2 
% 

Ground grains and millrun* 

74.6 

75.6 

Fish meal (70% protein) 

2.0 

2.0 

Meat and bonemeal 


5.0 

Soybean oil meal (44% protein) 

15.0 

10.0 

Dehydrated alfalfa or grass (carotene 12mg./l00g.) 

5.0 

5.0 

Limestone or shell flour 

1.7 

1.3 

Steamed bonemeal or defluorinated phosphate 

1.7 

0.6 

Salt (iodized, fine) 

0.5 

0.5 

Add the following to each ton of feed 

Vitamin D3, millions of I.C.U, 

0.27 

0.27 

Manganese sulfate, lb. (100% pure) 

0.3 

0.3 


Suggested analysis: protein, 16 per cent; riboflavin, 0.9 per cent, 
milligrams per pound; vitamin A, 2000 International units per pound; 
vitamin D3, 135 International chick units per pound; phosphorus, 0.7 
per cent; calcium, 1.4 per cent. 

These diets are designed to be used as the only feed fed to the birds. 

♦Ground corn, mllo, wheat, barley, or oats may be used singly or in 
any combination with 0-10 per cent millrun as long as the combined 
amounts of barley, oats, and millrun do not exceed 35 per cent of the 
diet. 
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V.TSCONSIN. (University of Wisconsin, 1954.) 


^STSCONSIK RATIONS FOR YOUNG CHICKENS 


20% Chick 
Starter 
and Broiler 


Ingredients 

Mash 

Ground yellow’ corn 

515 

Wheat bran 

50 

\^’heat middlings 

50 

Pulverized oats 

50 

Dehydrated alfalfa meal 

Meat scrap 

50 

Fish meal 


Soybean oil meal 

Steamed bonemeal or defluorinated 

250 

rock phosphate or equii-alent 

Chick size oystershell or hi-calcium 

10 

limestone 

20 

Iodized salt 

5 

Riboflavin* 

Yes 

Vitamin Bjj supplementtt 

Yes 

Antibiotic feed supplementt 

Yes 

400 D Fish oil or powderS 

1 1/2 

Manganese sulfate (feedmg grade) 

1/4 


Chick 
Grower 
with Good 
pasture 

350 

100 

150 

150 

50 

150 

20 

20 

10 

No 

No 

No 


Grains to be fed free choice with all above rations, except 20 per 
cent chick starter and broiler mash. 

Oystershell and pranite grit fed free choice m all rations. 


• Riboflavin: 1,0 milligrams per pound of feed from any source, 
t Use according to manufacturers’ directions. . .g 

ISome commercial supplements do not meet the minimum standa 
for this product but may be good sources. 

S Based on A.O.A.C. units. If new International chick unit is used, 

7S per cent of the above will be sufficient. 
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WISCONSIN RATIONS FOR BROILERS 


Ingredients 

I 

la 

II 

in 

IV 

V 

VI 

VII 

Ground yellow corn 

43 

43 

43 

38 

43 

43 

44 

43 

Wheat bran 

5 

5 

5 

5 

5 

5 

5 

5 

Wheat middlings 

5 

5 

S 

5 

5 

5 

5 

5 

Soybean oil meal 

22 

32 

32 

32 

30 

20 

2G 

27 

Meat scrap 







5 


Fish meal 





2 

2 



Fish solubles 

3 

3 







Dried yeast 








5 

Dried whey (fortified) 




5 





Dehydrated alfalfa 
meal 

5 

5 

5 

5 

5 

5 

5 

5 

Steamed bonemcal 

2 

2 

2 

2 

2 

2 

1 

2 

Chick size oystershell 

2 

2 

2 

2 

2 

2 

2 

2 

Granite grit 

2 

2 

2 

2 

2 

2 

2 

2 

Iodized salt 

0,5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

Corn gluten meal 

10 





10 



Feeding oil (300 D)* 

0.2 

0.2 

0.2 

6.2 

6.2 

0.2 

6.2 

0.2 

Riboflavin supplementt 

+ 

+ 

+ 


+ 

+ 

+ 

4 

MnSO^ oz./lOO lb. 
(feeding grade) 

0,25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

0.25 

Vitamin supplc- 

mentt 



+ 

+ 

+ 

+ 

+ 

4 

Antibiotic feed sup** 
plcmentt 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

4 


•New International chick unit (l.C.U.) 

tTo supply 1 inUllgram riboflavin per pound of feed from any source, 
t Use according to manufacturer’s directions. Certain supplements 
not of antibiotic origin may give equivalent growth. 
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SECTION II. RATIONS FOR LAYERS 

CORNELL. (Department of Poultry Husbandry, New York 
State College of Agriculture, Stencil 205, January, 1953.) 

Cornell Layer Mashes . To be fed with approximately equal 
grain intake according to any good mash-grain feeding program. 

Mixing Mashes . Mash concentrates to be used with local 
grain (see Section VII). 
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CORNELL LAYER MASHES 



U>«/ton 

Lb. /ton 

Lb./ton 

Lb./ton 

Yellow corn meal 

795 

580 

750 

630 

Ground wheat 

300 

300 

300 

200 

Wheat flour middlings 



Wheat standard middlings 


300 

200 

200 

Pulverized oats 

100 


200 

Ground barley 




Soybean meal 

475 

425 

370 

380 

Corn gluten meal 




50 

Peanut meal 


100 



Fish meal 



50 

50 

Meat scrap 

100 


50 


Corn distillers’ dried 

solubles 



50 


Dried whey 

Molasses distillers’ dried 




50 

solubles 


25 



Dehydrated alfalfa meal 

100 

100 

100 

100 

Riboflavin supplement to 

supply {mg. riboflavin) 

400 mg. 

200 mg. 

200 mg. 


Deactivated animal sterols 

(1500 I.C.U./gm.) 
or 

Vitamin feeding oil <300 D, 

2 

2 

2 

2 

1500 A) 

10 

10 

10 

10 

Steamed bonemeal 

90 

120 

90 

100 

Limestone 

20 

20 

20 

20 

Salt (iodized) 

Manganese sulfate (65% 

20 

20 

20 

20 

feeding grade) 

0.5 

0.5 

0.5 

0.5 

Protein, % 

20.6 

20.7 

20.5 

20.6 

Calcium, % 

2.3 

2.3 

2.2 

2.1 

Total phosphorus, % 

1.2 

1.2 

1.2 

1.2 

Available, % 

0.9 

0.9 

0.9 

0.9 

Vitamin A,* I,U./lb. 

5800 

5600 

5800 

5600 

Vitamin D, I.C.U./lb. 

680 

680 

680 

680 

Riboflavin, mg/lb. 

1.3 

1.3 

1.3 

1.6 


* Assuming use of alfalfa meal containing 100,000 units of vitamin A 
activity per pound and no vitamin feeding oil. 
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CORNELL. (All-mash ration for hens, F. W, Hill, CorneU 
Feed Service, November, 1952.) 

lb. 


Yellow corn meal 9^5 

Ground wheat 590 

Alfalfa meal (17%) 40 

Soybean meal (44%) 250 

Fish meal 50 

Meat scraps (50%) 50 

Distillers’ dried solubles 50 

Dried whey 50 

Dicalcium phosphate 25 

Ground limestone 30 

Salt 10 

Manganese sulfate 0.5 

Vitamin A oil (4500/gm.) 1 

Dry D (l500/gm.) 1 

2002.5 

Calculated composition: 

Protein. % 16.1 

Calcium. % 1.4* 

Phosphorus, % 0.76 

Available phosphorus, % 0 56 

Vitamin A. I.O.Ab 4400. 

Vitamin D, l.C U./lb. 340. 

Riboflavin, mg./lb. 1 3 


• Calcium level Insufficient to meet requirements for high egg pro- 
duction. Free-choice feeding of oystershell or other calcium supplem^o 
necessary 
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BRITISH COLUMBIA. (University of British Columbia and 
Department of Agriculture U.B.C. Feed Formulas for Poultry, 
1954, Poultry Circular 37.) 

Pullet Laying Mash. To be fed with scratch grain: approxi- 
mately 60 parts of mash to 40 parts of grain. Clean oystershell 
should be freely accessible. 

All-Mash Laying Ration. This is an all-mash ration which 
need hot be supplemented with oystershell. It may be fed either 
to birds in laying cages or birds ordinarily housed. 


BRITISH COLUMBIA LAYING MASHES 



Pullet Laying 

All-Mash Laying 


Mash 

Ration (pelleted) 

Ingredients 

(per ton), lb. 

(per ton), lb. 

Coarse ground wheat 

800 

1035 

Ground yellow corn 

100 

300 

Pulverized oats 

200 

100 

Ground barley 

100 

100 

Wheat bran 

100 


Wheal middlings 

100 


Fish meal (G5-70% protein) 

100 

* 'so 

Meat and bone scrap (50% protein) 

200 


Soybean oil meal (44% protein) 

100 

’I’so 

Dehydrated green feed 

Distillers’ dried solubles or fermen- 

100 

80 



tation solubles 


50 

Ground limestone 

’so’ 

70 

Steamed boncmcal 

20 

GO 

Iodized sail 

20 

10 

Manganese sulfate 

Feeding oil (2250 I.U.. A; 300I.C.U.. 

8 07 .. 

•1 07 . 

D per gram) 

10 

5 

Choline chloride 


1-2 

Riboflavin 

2 gm. 

1 pm. 

Recommended protein level 

20% 

1C% 
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CALIFORNIA. (California Egg Laying Test, Modesto, 1954.) 


LAYING MASH FORiiULA 


Ingredients 

Alfalfa meal, dehydrated 

Barley, ground 

Corn, yellow ground 

Fish meal. 70% protein minimum 

Meat and bone scraps, 50% protein minimutu 

Milo, ground 

Ground limestone 

Wheat, ground 

Soybean oil meal, 44% protein 
Wheat bran 
'Wney, &rie6 
Salt, fine 

Vitamin D source (1500) 

Manganese sulfate. 85% pure 

Riboflavin (or concentrate to provide this amount) 

Free choice barley, granite grit, oystershoU 


Lb. /ton 
150 
200 
400 
158 
50 
200 
40 
200 
250 
300 
50 
10 
2 
1/4 
1 gm. 


CONNECTICUT. (A high-eriiciency ration for laying and 
breeding hens, E. p, Slngsen, U D. Matterson, and Anna KoaeJl, 
Conn. Bui, 286, 1952.) 


Ground yellow corn 
Standard wheat middlings 
Soybean oil meal 
Meat scrap (50%) 

Fish meal (60%) 

Alfalfa meal (100,000 AAb.) 

Butyl fermentation product (250 riboflavih/lb ) 
Steamed bonemeal 
Ground limestone 
Salt 

Vitamin A and D feeding oil (2000 A-400 D/gm.) 
Vitamin concentrate (3 mg Ab.) 

Manganese sulfate 
Nicotinic acid 


This ration to be fed as an all-mash ration or as all 
pellets. The pellets are made from the same mash. 


Pounds 

1223 

250 

200 

100 

40 

50 


0.25 
_20 gni-_ 
2000 25 
•mush and 
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FLORIDA. (University of Florida, 1954.) 



Laying and 

National 

Low- 

Cage-Layer 

High- 


Breeding 

Egg Laying 

Energy 

Efficicncy 

Ingredients 

Ration 

Test 

All-Mash 

All-Mash 

lb. 

lb. 

lb. 

lb. 

Yellow corn meal 

Mash 

200 100 

287 

52 

Shorts 

100 

100 

287 

10 

Wheat bran 

100 

100 

100 


Ground oats 

100 

100 

287 

10 

Soybean meal 

150 

70 

70 

10 

Meat scrap 

100 

20 

20 

5 

Fish meal 


15 

15 

2.5 

Dried whey 

80 

10 

10 


Alfalfa leaf meal 

100 

25 

25 

5 

Steam bonemeal 

30 

10 

10 

3 

Shell 

20 

7 

1 * 

2 

Salt 

10 

3 

3 

0.25 

Dclstcrol (vitamin D) 

450 gm. 


t 


Vitamin A 

454 gm. 


J 


Vitamin supplement 




S 

Whole yellow corn 
Wheat 

Oats 

Grain 

100 100 

100 200 

100 100 




• Keep oystershell in hopper. 

1 200 units per pound. 

1 2000 units per pound. 

5 Must supply the following amounts of each vitamin per pound of 
mash: 


Vitamin A 4000 units. 

Vitamin Dj COO units, 

Riboflavin 2 mg. 

Pantothenic acid 3 mg. 

Niacin 0 mg. 

Vitamin B{i 1.5 ^g. 
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IOWA. (Iowa State College, Poultry Department, 1954.) 


IOWA RATIONS FOR LAYING AND BREEDING HENS 


Ingredient and Protein Content 

15% 

20% 

26% 

Ground yellow corn 

1120 

573 

134 

Ground whole oats 

200 

200 

200 

UTieat bran 

100 

200 

200 

Wheat middlings 

100 

200 

200 

Dehydrated alfalfa meal (17%) 

100 

200 

300 

Sojbean oil meal (44%) 

200 

400 

600 

Meat and bone scrap (50%) 

100 

100 

150 

Steamed bonemeal (or equivalent) 

40 

60 

100 

Ground oystershell or limestone 

20 

30 

55 

Iodized salt 

9 

16.5 

26 

Manganese sulfate 

1 

1.5 

2 

Vitamin D concentrate (1500 I.C.U. 




per gr.) 

1 Ib. 

2 1b 

3 lb. 

Riboflavin concentrate (227 mg./lb.) 

6 1b. 

10 lb. 

20 Ib. 

Niacin (grams) 

5 gm. 

10 gm. 

20 gro- 

Vitamin Bu (milligrams)* 

2 mg 

3 mg. 

4 xng* 

Vitamm A concentrate (2250 l.U. 




per gr.) 

3 1b. 

5 lb. 

8 Ib. 

Total pounds 

2000 

2000 

2000 

Note: The 15 per cent laying mash is to be fed s 

is “all-mash.” 

Gram is to be fed with the other mashes. Vitamins are usually pro%id^ 


in the form of concentrates. Adjustments must be made to compensate 
for differences in potency If the laying mashes are to be used as 
breeder rations, 40-100 pounds of fish solubles should be added per ton. 

* Vitamin Bjj to be added to laying rations if they are to be used as 
breeder rations 
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NEW ENGLAND COLLEGE CONFERENCE, JUNE, 1954. 


RATIONS FOR LAYERS 

Mash and Grain All-Mash 


Feeding ratio; mash to scratch 
Mash ingredient 

Ground yellow corn (1) 

Ground barley or pulverized oats (2) 
Standard wheat middlings 
Soybean oil meal (44%) 

Fish meal (60%) (3) 

Meal and bone scrap (50%) 

Alfalfa meal (17%; 100,000 A/lb.) 

Distillers’ dried solubles (4) (5) 

Dicalclum phosphate or equivalent (6) 
Ground limestone (feeding grade) 

Iodized salt 

Dry vitamin D (1500 D/gm.) (7) 

Manganese sulfate or equivalent (8) 

Vitamin B |2 supplement 
Niacin 

DPPD (dlphcnyl-£-phcnylenodiamlnc) 

Totals (12) 


2/1 


lb. 

Jb. 

950 

1125 

100 

100 

200 

200 

350 

250 

40 

25 

75 

50 

100 

75 

75 

50 

40 

32 

65 

75 

15 

10 

1.5 

1 

0.4 

0.25 

(9) 

(10) 

30 gm. 

18 gm. 

(H) 

(“) 

2011.9 

1993.25 


(1) Two to four hundred pounds of coarsely ground wheat may bo 
used to replace an equal amount of corn. Add 0.4 pounds of vitamin A 
and D oil for each 100 pounds of corn removed. 

(2) On a nutrient content basts, barley is proferred to oats. Both 
barley and oats may be replaced by corn if a higher energy level is 
desired. 

(3) If a high salt fish meal ts used, omit the added salt. 

(4) Twenty pounds of a butyl fermentation product containing at 
least mterograms oi rlbottavln per gram (or 113.5 milligrams per 
pound) and 50 pounds of dried distillers’ solubles; or 40 pounds yeast or 
40 pounds of dried whey plus a riboflavin supplement to furnish not less 
than 2,0 milligrams per pound In the final ration. To determine the 
amount of riboflavin supplement to use above, divide the number of mil- 
ligrams desired by the manufacturer’s guaranteed potency. Example ; 
Needed to furnish 454 milligrams using a product having a guaranteed 
latency of 113.5 milligrams per pound. Elution; 454 divided by 113.5 
equal.s 4 {xjunds needed In addition to cither the yc-isl or the solubles. 
This ia^ jm example only , not an actual case . 

<5) A vitamin concentrate containing not less than 2 grams of 
riboflavin and 4 grams of pantothenic acid and possibly other vitamins 
may be used to replace part or all of the fermentation products, and the 
total weight may !h? made up by adding corn meal. 

(<t) hte.amcd boncmeal or dcfluorlnatcd rock phosphate may rcphaco 
the dicalclum phosphate on a phosphorus basis, Il.aw rock phosphate 
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containing not more than 3.5 per cent fluorine may replace one-quarter 
of the phosphorus in the dicalcium phosphate in the layer rations. 

(7) Vitamin A and D feeding oil may be substituted on a unit basis. 

(8) Manganese sulfate (70 per cent feeding grade) or equivalent 
amount of manganese from other sources. 

(9) Use 9 milligrams of vitamin Bjj per ton of ration. 

(10) Use a vitamin Bij concentrate coidributing not less than 6 mg. 
of vitamin Bj2 per ton of ration. 

(11) DPPD (diphenyl-£-phenylenedlamine) Is an antioxidant and may 
be added at the 0.0125 per cent level (one-quarter pound per ton) to help 
prevent the destruction of the fat soluble vitamins. 

(12) If an even 2000 pounds is desired, adjust by removing or adding 
middlings. 

NEW YORK EGG-LAYING TESTS, 1952-1953. This is an all- 
mash formula. No supplements need to be fed, though water may 
be sprinkled on the mash as a feeding stimulus. 


Yellow com meal 945 

Ground wheat 500 

Alfalfa meal (17%) 40 

Soybean meal (44%) 250 

Fish meal 50 

Meat scraps (50%) 50 

Cistillers’ dried solubles 50 

Dried whey 50 

Dicalcium phosphate 25 

Ground limestone 30 

Salt 10 

Manganese sulfate 0.5 

Vitamin A oil (4500/gm.) 1 

Dry D (1500/gm.) 1 


2002.5 

OHIO. (Ohio Poultry Rations, Ohio Ext. Bui. 343, 1954.) 

Laying and Breeding Mash , 20 per cent protein. This mash 
is adequate in the vitamins essential to good hatchability, 
therefore it can be fed to breedmg flocks as well as market- 
egg flocks. 

Keep the mash before the layers at all times. Feed whole 
grains (corn, wheat, or oats) at the rate of 40 pounds of grain 
to each 60 pounds of mash consumed. Another system is keep 
the mash before the birds all the time and limit the grain to 
from 2 to 6 quarts per 100 birds per day. Feed the smaller 
amount of grain when egg production is low. 
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Breeding Mash Concentrate, 26 per cent protein. Feed free 
choice as a laying and breeding mash for chickens and turkeys. 
Grains such as corn, wheat, and oats also can be fed free 
choice. 

High-Energy Ration. This ration should be fed without the ad- 
dltlon of any other feedstuff except a good source of calcium. 


OHIO LAYING AND BREEDING RATIONS 



Laying and 

Breeding Mash 

lIIgh-Enorgy 

Breeding Mash, 

Concentrate, 

Laying, Breed- 

Ingredients 

20% Protein 

26% Protein 

ing, All-Mash 


lb. 

lb. 

lb. 

Corn, yellow 

400 

292 

COO 

Middling, standard or 

ground wheat 

140 

100 

100 

Wheat bran 

70 



Soybean oil meal (44% 

protein) 

200 

320 

ICO 

Meat scrap (S0% pro- 

tcin) 

50 

50 

25 

Alfalfa. 17% protein 

dehydrated 

50 

75 

40 

Fish me.al(58% protein) 

or fish solubles* 

25 

50 

25 

Rock phosphate, dcflu- 
orlnated or steamed 

bonemcal (l5%phos.) 

30 

48 

20 

lodlrcd salt 

10 

15 

5 

hLanganesc sulfate 

0.25 

0.75 

0.2 

Dried whey (low lactose) 

or dried buttermilk* 

25 

50 

25 

1,000 

Additives nor 1.000 lb. of mnsh 

1,000 

1,000 

Vitamin A. I.U. 

2,000.000 

3.000.000 

600,000 

Vitamin D,, I.U. 

1,000,000 

1,350,000 

500,000 

Illlwflavin. gm. 

2.0 

3.0 

1.5 

Calcium pantolhen- 

ate. gm. 

2.0 

2.0 

1.0 

Vitamin n„. mg. 

C 


6 


• I’rrftrrtHl. 
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NORTH CAROLINA. (North Carolina State College of Agri- 
culture and Engineering of the University of North Carolina, 
1954.) 


NORTH CAROLINA RATIONS FOR LAYERS 
No. 46 
All-Mash 


Ingredients 1®^ 

Ground yellow com 925 

Standard wheat middlings 300 

Pulverized oats 250 

Meal and bone scrap (50% protein) 50 

Fish meal (60% protein) 25 

Soybean oil meal (44% protein) 225 

AUalfa meal (17% protein) 100.000 A/lb- 75 

Butyl fermentation solubles (250 micrograms 
riboflavin per gm.) 20 

Steamed bonemeal or equis'aleDt 50 

PuUerlzed oystershells or equivalent 70 

Salt • 10 

Feeding oil (300 D, ISCO A per gm.) 2 

D-activated animal sterol (1500 D per gm ) 1 

Manganese sulfate 0.25 

gm 

Niacin Ig 


No. 49 

Grain-Mash 

20% 

Ib. 

870 

50 

100 

75 

50 

475 

100 

20 
120 
20 
20 
2 • 
2.25 
0.50 

gm. 

20 


Vitamin By supplement 

Total 


mg cog. 
3-6 6-12 
2003+ 2004* 


Suggestions on Feeding; 

1. Do not feed a scratch mixture or separate grains with the all- 
mash, 16 per cent protein mash. 

2. Feed a scratch mixture or separate grams with the 20 per cent 
protein mash. 

3. Keep crushed oystershells or limestone before the birds that are 
fed the 20 per cent protein Ia>er mash. It is not necessary’ to feed 
crushed oystershells or limestone to the chickens recemng the all- 
mash. 16 per cent protein mash. 

The laying chicken fed a scratch mLxture or separate grams sbooI<^ 
ha%c access to insoluble hard gnt or gra\el. Crushed granite, quartz, 
and feldspar are examples of hard grit. 
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ONTARIO AGRICULTURAL COLLEGE. (S. J. Slinger, W. F. 
Pepper, and J. R. Cavers, O.A.C. Chicken Laying and Hatching 
Feed Formulas, O.A.C. Circular 142A, revised, January, 1954.) 

Laying Mash No. 1. This is a conventional type laying mash 
containing about 20 per cent protein (N X 6.25). Laying mashes 
containing this level of protein have an advantage over those 
with 18 per cent protein or less in that they permit the use of 
more home-grown grain in relation to mash. 

Laying Mash No. 2 . This is a high-energy laying mash con- 
taining about 21 per cent protein {N x 6.25). The feed efficiency 
for egg production has been shown to be greater with high-energy 
diets such as this, than with conventional type laying mashes. 
There has recently been a growing interest in the use of high- 
energy diets for laying stock, A prime consideration in the use 
of such diets should be the relative cost and availability of the 
high-energy grains such as wheat and corn as compared with 
oats, barley, and mill feeds. 

Laying Mash No. 3 . This is an all-mash, high-energy ration 
containing about 16.5 per cent protein (N x 6.25). This mash 
should be freely accessible to the birds at all times, and no 
grain should be given, A free-choice supply of oystershell or 
other suitable calcium source should be available in separate 
hoppers at all times. The all-mash system of feeding is simpler 
than the mash-grain method since no error can be made in the 
proportions of mash and grain to be fed. The all-mash method 
also fills a need where automatic feeders are used. 

Laying Concentrate . This concentrate may be mixed with 
ground grains to make laying mashes similar to numbers 1, 2, 
or 3, To make a conventional type Jaying mash such as No. J, 
mix 100 parts of concentrate with 200 parts of ground grains. 

The ground grains in this case could be a mixture of 6 parts 
wheat, 3 of corn, 2 of barley, and 2 of oats by weight. This 
mixture will gl%'e a conventional-type laying mash containing 
about 20 per cent of protein. Mixing 100 parts of concentrate 
with 200 parts of ground wheat and corn will make a high-energy 
laying mash such as No. 2. If the proportions of wheat and corn 
arc 9 to 4, the diet will contain about 20 per cent protein. If It 
Is desired to make an all-mash, high-energy laying diet similar 
to No. 3, mix 100 parts of concentrate with 300 parts of ground 
wheal and 100 of ground corn. 

Hatching Mash . U eggs arc not wanted for hatching purposes 
Immediately after the birds are housed, the birds may be maln- 
l.ilned on laying mash until 6 weeks before eggs arc desired for 
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setting. At this time they should be changed gradually to hatch- 
ing mash and grain. 

Hatching Concentrate . This concentrate when mixed with 
ground grains m the proportions o£ 100 parts of concentrate to 
200 parts of ground grains will make a hatching mash contain- 
ing about 20 per cent protein. Using ground grains in the ratio 
of 7 parts wheat, 3 of corn, 1 of barley, and 2 parts oats, by 
weight, will give a mash similar in composition to the hatching 
mash shown. 


O.A.C. CHICKEN LAYING AND HATCHING FEED FORSIULAS 


Ingredients 


Laying Laying Laying 
Mash Mash Mash 
No. 1 No 2 No. a 
lb. Ib. lb. 


Laying Hatching 

CoDcen- Hatching Concen- 
trate Mash trate 
Ib. lb. 


Ground «heat 
Ground yellow corn 
Ground barley 
Pulierired oats 
Dehydrated sUalla meal or 
cereal grass 
hleat Deal (S0% protem) 

Fish meal (65% protein) 

Dried buttemllk or sklmmilk 
Soybean oil meal (44% protein) 
Ground limestone 
Steamed bosemeil or equivalent 
Iodized salt 

Viumlo A Oil (10,000 I U /gm ) 
Dry vitamin D, (1.650 I.C.U / 
gm ) 

hlanganese sulfate (feed grade) 


eOO 840 
300 400 

180 
200 

80 60 

50 75 

50 SO 

SO SO 

375 400 

40 40 

55 45 

15 15 

2 2 

2 2 

0.5 OS 


1100 

4SS 


50 225 

SO 180 

30 140 

30 140 

200 1000 

40 120 

35 140 

10 40 

1 6 

1 6 

0.25 1 5 


685 

300 

100 

200 

100 
70 
70 
60 
310 
40 
45 
15 
2 5 

2 S 
0 5 


270 

200 

200 

160 

870 

110 

130 

40 


1.5 


Riboflavin 

Antibiotic* 


gra 


4-20 


gm 


4-20 


gm 


2-10 


Vitamin By 
Calculated Analysis. 
Minimum crude protein 
Minimum crude fat 
Maximum crude fiber 
Calcium 

Total phosphorus 
Inorganic phosphorus 



20 I 
2 S 
54 
2.0 
09 
OG4 


20 9 
2 4 
4 2 
2 0 
0 9 
004 


16 6 

2 5 

3 6 
1 7 
0 7 
0 48 


35 5 
2 2 
6 5 
5 6 
1 9 
1 63 


20 2 
2 7 
5 3 
2 0 
0 9 
0 66 


mf 

IS 


■“'biotic being employed use ihe lower leiel. if aureomycln. 
terramycln. or bacitracin are used, the higher level should be added 
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Substitutions. An equal-parts mixture of wheat shorts and 
bran may be used to replace ground wheat in laying mash No. 1 
or in the hatching mash. 

Dried whey may replace dried buttermilk or skimmilk. For 
every 40 pounds of dried milk replaced by dried whey, increase 
the amount of soybean oil meal by 30 pounds and reduce the 
ground wheat by 30 pounds. 

Vitamin A feeding oil and dry vitamin Ds may be replaced by 
fish oil on an equal unitage basis. The vitamin A oil may be re- 
placed by dry vitamin A or by vitamin A oils of other potency on 
an equal unitage basis. 

Steamed bonemeal may be replaced by defluorinated rock 
phosphate. Other calcium and phosphorus carriers may also be 
used. Replacement should be based on the calcium and phos- 
phorus content. 

Manganese sulfate may be replaced by other manganese car- 
riers to supply equal levels of manganese. 

Ground limestone may be replaced by calcium carbonate. 
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WASHINGTON. (Washington Poultry Feed Formulas, Poultry 
Science Department, State CoUege of Washington, Mim^. 
1107 and 1582, 1954.) 


CHICKEN LAYER MASHES 


Ingredients 

1 

% 

2 

% 

3 

% 

4 

% 

5 

% 

Ground grains* 

60.7 

43.7 

45.2 

41.0 

45.8 

20.0 

Wheat mixed feed (millrun)* 


20.0 

20.0 

20.0 

Fishmeal (70% protein) 

4.0 


5.0 

1.5 

10.0 

15.0 

Meat andbonemeal (50% protein) 


5.0 

5.0 

25.0 

Soybean oil meal (44% protein) 

23.0 

20.0 

13.0 

Dehydrated alfalfa or grass (carotene, 

12 mg./lQO gm.) 

5.0 

5.0 

5.0 

5.0 

5.0 

2.7 

Limestone or shell flour 

3.0 

3.0 

3.0 

3.2 

Steamed bonemeal or defluorinated 
phosphate 

3.6 

2.8 

3.3 

3.8 

1.0 

0.5 

Salt (iodized, fine) 

0.5 

0.5 

0.5 

0.5 

Add the following to each ton of feed 
Vitamin A. millions I.U. 2.0 2.0 

2.0 

2.0 

2.0 

Vitamin Dj, millions I.C.U. 

1.2 

1.2 

1.2 

1.2 

1.2 

Manganese sulfate, lb. (100% pure) 

0.5 

0.5 

0.5 

0.5 

0.5 


Sjggested analysis: protein, 19.0 per cent; calcium. 2.5 per cent; 
phosphorus, 1.1 per cent; vitamin A, 5500 International units per 
vitamin Dj, 560 International chick units per pound; riboflavin, 1.2 m* 
grams per pound. 

The fecdii^ of cracked or whole grains on the basis of the birds eat- 
ing 60 per cent mash and 40 per cent grain is suggested. It is reco^ 
mended that one third of the grain be fed in the morning and two 
In the afternoon. All the grain may be fed at one time if more convemc • 
preferably in late afternoon. Shell or limestone grit should be availab*® 
to the birds at all times. Granite or silica grit should be fed 1 day each 
week. 

•Ground com. milo, vkbeat. barley, or oats may be used singly 
any combination with 0 to 20 per cent millrun as long as the combined 
amounts of barley, oats, and millrun do not exceed 45 per cent in ,, 
mash. Barley may be used as the only cereal gram and in place of mil*' 
run If the feed is pelleted 



APPENDIX 


569 


WASHINGTON ALL INCLUSIVE LAYER AND BREEDER MASHES 


Ingredients 

1 

2 

3 

4 

Ground grains and millrun* 

% 

78.0 

% 

79.5 

% 

76.1 

% 

77.6 

Fish meal (70% protein) 

2.5 

2.5 

2.5 

2.5 

Meat and bonemeal 


5.0. 


5.0 

Soybean oil meal (44% protein) 

12.0 

7.0 

12.0 

7.0 

Dehydrated alfalfa or grass (carotene, 

12 mg./lOO gm.) 

3.0 

3.0 

3.0 

3.0 

Limestone or shell flour 

1.7 

1.3 

3.6 

3.2 

Steamed bonemeal or defluorinated 
phosphate 

2.3 

1.2 

2.3 

1.2 

Salt (iodized, fine) 

0.5 

0.5 

0.5 

0.5 


Add the following to each ton of feed 


Vitamin A, millions I.U. 

3.0 

3.0 

1.0 

1.0 

Vitamin D^, millions I.C.U. 

0.68 

0.68 

0.68 

0.68 

Riboflavin, gm. 

1.5 

1.5 

1.5 

1.5 

Manganese sulfate, lb. ( 100 % pure) 

0.3 

0.3 

0.3 

0.3 


Suggested analysis: protein, 15 per cent; riboflavin, 1.7 milligrams 
per pound; vitamin A, 3300 I.U./lb.; vitamin Dj, 340 l.C.U./lb.; phos- 
phorus, 0,8 per cent; calcium, mashes 1 and 2, 3,6 per cent; mashes 3 
and 4, 2.25 per cent, 

Those diets are designed to be used as the only feed fed to the birds 
with the exception that a supplementary supply of calcium carbonate 
must be provided for laying or breeding hens fed layer and breeder 
mashes l and 2, This may be supplied in the form of hen-size oyster- 
shell or limestone. Layer and breeder mashes 3 and 4 contain all the 
calcium necessary for shell formation. 

These layer and breeder diets may be fed with 1 or 2% whole grain, 
which is fed in the litter as an aid to keeping the litter stirred up. 

Ground corn, milo, wheat, barley, or oats may be used singly or in 
‘'ny combination with 0-10 per cent millrun as long as the combined 
amounts of barley, oats, and millrun do not exceed 25 per cent of the 

fifnt ^ 
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WISCONSIN. (University of Wisconsin, 1954.) 


WISCONSIN LAYING MASHES 


Ingredients 


Laying Mash, lb. 


Ground yellow corn 250 

Wheat bran 100 

Wheat middlings 100 

Pulverized oats 150 

Dehydrated alfalfa meal 100 

Meat scrap 75 

Soybean oil meal 175 

Steamed bonemeal or defluorinated 
rock phosphate or equivalent 30 

Iodized salt 10 

400 D fish oil or powder* 6 

Manganese sulfate (feeding grade) 1/4 


26% Laying 

Supplement, lb- 


100 

200 

200 

150 

250 


60 

20 

12 

1/2 


Grains to be fed free choice with above rations. 

Oystershell and granite grit fed free choice in all rations. 

•Based on A O.A.C. units. If new International chick unit Is used. 
75 per cent of the above will be sufficient. 
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WISCONSIN ALL-MASH FEEDS FOR LAYING HENS 
PRODUCING MARKET EGGS 


■ 

% 

% 

% 

% 

% 

Ground yellow corn 

56.2 

55.9 

52.2 

62.7 

58.2 

Ground oats or wheat 

10.0 

10.0 


10.0 


Wheat middlings 



15.0 


15.0 

Alfalfa meal 

V.O 

5.0 

5.0 

5.0 

5.0 

Soybean oil meal 

22.0 

22.0 

21.0 

10.0 

10.0 

Meat meal 




8.0 

7.5 

Steamed bonemeal or defluo- 
rinated superphosphate 

3.0 


3.0 

1.0 

0.5 

Dlcalcium phosphate 


2.5 




Pulverized limestone or oyster- 
shell 

3.0 

3.8 

3.0 

2.5 

3.0 

Salt 

0.5 

0.5 

0.5 

0.5 

0.5 

Vitamin A and D feeding oil (300 
I.C.U. vitamin D, 1500 I.U. 
vitamin A per gm.) 

0.3 

0.3 

0.3 

0.3 

0.3 

Riboflavin (grams/lOO lb.) 

0.02 

0.02 

0.02 

0.02 

0.02 

Manganese sulfate (grams/lOO lb.) 

5.0 

5.0 

5.0 

5.0 

5.0 


The level of riboflavin supplement is indicated in grams of the pure 
vitamin per 100 pounds of feed because of the wide range of potencies of 
riboflavin supplements. Unfortified dried whey, a widely-used “natural" 
supplement, contains 0.013 gram of riboflavin per pound, and so would 
be used at 1.6 per cent of the mash to provide the level indicated in the 
table. 

One to two per cent of stabilized animal fat could be used in any of 
these formulas in place of an equal quantity of corn and would have a 
beneficial effect on the texture of the feed. 

Limestone or oystershell grit should be supplied to birds receiving 
these mashes. 
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SECTION III. RATIONS FOR BREEDERS 

See also Appendix, Section 11, since some rations are desig- 
nated as laying and breeding rations. 

CORNELL, (Department of Poultry Husbandry, New York 
Slate College of Agriculture, Stencil 205, January, 1953.) 

Cornell Breeder Mashes. To be fed with approximately equal 
grain intake according to any good mash-and-grain program. 
Breeding ration should be fed for at least 4 weeks before eggs 
are taken for hatching. 

Mixing Mashes . Mash concentrates to be used with local 
grain (see Section VII). 
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CORNELL BREEDER MASHES 



Ib./ton 

Ib./ton 

Ib./ton 

Ib./ton 

Yellow corn meal 

750 

570 

620 

640 

Ground wheat 

300 

200 

300* 

200 

Wheat flour middlings 


200 

Wheat standard middlings 


200 

150 

Pulverized oats 

100 

200 

200 

Ground barley 




Soybean meal 

375 

325 

350 

250 

Corn gluten meal 


50 


50 

Peanut meal 




Fish meal 

75 

100 

75 


Fish solubles 



150 

Meat scrap 

75 


75 

Corn distillers’ dried 

solubles 

50 


100 

75 

Dried whey 

SO 

lOo’ 

50 

75 

Molasses distillers’ 

solubles 


25 



Dehydrated alfalfa meal 

100 

100 

100 

100 

Riboflavin supplement to 

supply (mg, riboflavin) 

2300 mg. 

1500 mg. 

1000 mg. 

1500 mg. 

Vitamin Bm supplement to 

supply (mg. B, 2 ) 

4 mg. 

4 mg. 


5 mg. 

D-actIvated animal sterols 

(1500 I.C.U./gm.) 

2 

2 

2 

2 

or 

Vitamin feeding oil (300 D, 

1500 A) 

10 

10 

10 

10 

Steamed bonemeal 

75 

90 

90 

70 

Limestone 

30 

20 

20 

20 

Salt (iodized) 

20 

20 

20 

20 

Manganese sulfate (03% 

feeding grade) 

0.5 

0.5 

0.5 

0.5 

Protein. % 

20.7 

20.5 

20.6 

20.5 

Calcium, % 

2.4 

2.1 

2.2 

2.3 

Total Phosphorus. % 

1.2 

1.2 

1.2 

1,2 

Available. % 

0.9 

0.9 

0.9 

0.9 

Vitamin A.* I.U./lb. 

5800 

5G00 

5600 

5600 

Vitamin D. I.C.U./lb. 

C80 

080 

680 

G80 

Riboflavin, mg./lb. 

2.7 

2.0 

2.5 

2.0 

Vitamin Dij.t pg./lb. 

4 

4 

3.2 

3,0 


• AssumJnp use of alfalfa meal containing 100.000 International units 
vitamin A activity .and no vitamin feeding oil. 

t From animal proteins and vitamin D,j supplement. 
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BRITISH COLUMBIA. (University of British Columbia and 
Department of Agriculture U.B.C. Feed Formulas for Poultry, 
1954, Poultry Circ. 37.) 

Hen Breeding Mash . To be fed with scratch grain in similar 
proportions as in the case of laying mash. To insure high hatch- 
ability, a distillers* feed product and/or liver meal should be 
included 30 days previous to collecting hatching eggs. 

BRITISH COLUMBIA HEN-BREEDING MASH 


Ingredients lb per ton 

Coarse ground wheat 120 

Ground yellow corn 100 

Pulverized oats lOO 

Ground barley 100 

Wheat bran 100 

V^Tieat middlings 100 

Fish meal (65-70% protein) lOO 

Meat and bone scrap (50% protein) lOO 

Dried milk by-products 70 

So>b«an oil meal (44% protein) 200 

Dehydrated green feed 100 

Distillers’ dried solubles or fermentation solubles 1®® 

Ground limestone SO 

Steamed bonemeal 30 

Iodized salt 20 

Manganese sulfate 8 oz. 

Feedmj oil (2250 I.u,. A. 000 I C U . D per eram) 1“ 

Riboflavin ^ 4 grns. 

Vitamin B,j 3 mg. 

Recommended protein level 20% 
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NEW ENGLAND COLLEGE CONFERENCE, JUNE, 1954. 


RATIONS FOR BREEDERS 

Mash and Grain All-Mash 


Feeding ratio; mash to scratch 
Mash ingredient 


2/1 

lb. lb. 


Ground yellow corn (1) 

Ground barley or pulverized oats (2) 
Standard wheat middlings 
Soybean oil meal (44%) 

Fish meal (60%) (3) 

Meat and bone scrap (50%) 

Alfalfa meal (17%; 100,000 A/lb.) 
Distillers’ dried solubles (4) (5) 

Butyl fermentation products (4) (5) 
Dicalclum phosphate or equivalent (6) 
Ground limestone (feeding grade) 
Iodized salt 

Dry vitamin D (1500 D/gm.) (7) 
Manganese sulfate or equivalent (8) 
Vitamin supplement 
Niacin 

DPPD (Diphenyl -g^-phenylenedlamine) 


975 

1125 

100 

100 

200 

200 

250 

175 

100 

75 

75 

50 

100 

75 

75 

50 

25 

25 

24 

32 

65 

75 

15 

10 

1.5 

1.0 

0.4 

0.25 

(9) 

(10) 

30 gm. 

18 gm. 

(11) 

(11) 


Totals (12) 2005.9 1993.25 


(1) Two to four hundred pounds of coarsely ground wheat may be 
used to replace an equal amount of corn. Add 0.4 pound of vitamin A and 
D oil for each 100 pounds of corn removed. 

(2) On a nutrient content basis, barley is preferred to oats. Both 
barley and oats may be replaced by corn a higher energy level Is 
desired. 

(3) If a high salt fish meal is used, omit the added salt. 

(4) Twenty pounds of a butyl fermentation product containing at least 
250 micrograms of riboflavin per gram (or 113.5 milligrams per pound) 
and 50 pounds of dried distillers’ solubles, or 40 pounds yeast or 40 
pounds of dried whey plus a riboflavin supplement to furnish not less 
than 2.0 milligrams per pound in the final ration. To determine the 
amount of riboflavin supplement to use above, divide the number of mil- 
ligrams desired by the manufacturer’s guaranteed potency. Example: 
Needed to furnish 454 milligrams using a product having a guaranteed 
potency of 113.5 milligrams per pound. Solution: 454 divided by 113.5 
equals 4 pounds needed in addition to cither the yeast or the solubles. 
This ^ M example only , not an actual case. 

(5) A vitamin concentrate containing not less than 2 grams of 
riboflavin and 4 grams of pantothenic acid and possibly other vitamins 
may bo used to replace part or all of the fermentation products, and the 
total weight may be made up by adding corn meal. 

(G) Steamed boncmcal or dcfluorinated rock phosphate may replace 
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the dicalcium phosphate on a phosphorus basis. Raw rock phosphate 
containing not more than 3.5 per cent fluorine may replace one-quarter 
of the phosphorus in the dicalcium phosphate in the rations. 

(7) Vitamin A and D feeding oil may be substituted on a unit basis. 

(8) Manganese sulfate (70% feeding grade) or equivalent amount 
of manganese from other sources. 

(9) Use 9 milligrams of vitamin By per ton of ration. 

(10) Use a vitamin concentrate contributing not less than 6 
milligrams of vitamin Bjj per ton of ration. 

(11) DPPD (diphenyl-p-phenylenediamine) is an antioxidant and 
may be added at the 0.0125 per cent level (one-quarter pound per ton) to 
help prevent the destruction of the fat soluble vitamins. 

(12) If an even 2000 pounds is desired, adjust by removing or adding 
middlings. 

NORTH CAROLINA. (North Carolina State College of Agricul- 
ture and Engineering of the University of North Carolina, 1954.) 


NORTH CAROLINA RATIONS FOR BREEDERS 


Ingredients 

Ground yellow com 
Standard wheat middlings 
Pulverized oats 

Meat and bone scrap (50% protein) 

Fish meal (60% protein) 

Soj-bean oil meal (44% protein) 

Alfalfa meal (17% protein) 100.000 AAb 
tVhey, dried 

Butyl fermentation solubles (250 micrograms 
riDoflavin per gram) 

Steamed bonemeal or equivalent 
Mverlzed oystershells or equivalent 

Feeding oil (300 D, 1500 A per gram) 
p-activated animal sterol (1500 D per gram! 
Manganese sulfate ^ 


Vitamin supplement 


Total 


No 47 
AIl-Masb 
16%* 
lb. 

945 

250 

250 

25 

75 

200 

75 

20 


No. 50 

GraiD-Masb 

20%t 

lb. 

850 

200 

100 

75 

100 

375 

100 

20 


2.25 

0.50 

20 


milligrams milligrams 


2003+ 


2004+ 


mas;“.rp“ 're^.Vr"et"„Tsr" " 

proteln^rSfih^ mixt«e or separate grams with the 20 per cent 
that 
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TEXAS. (Agricultural and Mechanical College of Texas, 1954.) 


TEXAS ALL-MASH BREEDER-LAYER RATION 


Ingredients 


lb. /ton 

Soybean oil meal (44% protein) 


350 

Fish meal 


80 

Dried whey 


50 

Dehydrated alfalfa leaf meal 


80 

Ground yellow corn 


650* 

Ground milo 


050* 

Bonemeal or defluorinaled phosphate 


40 

Oystershell flour or calcium carbonate 


40 

Salt 


10 

Vitamin and mineral mlxturet 


50 

Total 

2000 

*Mllo and corn may be used interchangeably, depending on price and 

availability. 



t Vitamin and mineral mixture In soybean oil meal: 


Riboflavin 

4 gm. 


Calcium pantothenate 

10 gm. 


Niacin 

25 gm. 


Bu 

6 mg. 


Antibiotic 

t 


Vitamin A (stable, dry A) 

2,270,000 I.U. 


Vitamin Dj (stable, dry D) 

1,200,000 LC.U. 


Manganese sulfate 

227 gm. 


Soybean oil meal 

Enough to make total 



equal to 50 lb. 



t Use 10 grams aurcomycln. 10 grams bacitracin, 10 grams of ler- 
ramycin or 4 grams penicillin. A combination of two, three, or four of 
the antibiotics may bo used. If a combination is used, take a proportion- 
ate part of the above levels on a per ton basis. 
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WASHINGTON. (WashlnRton Poultry Feed Formulas, Poultry 
Science Department, State College of Washington, Ext . Mlmeo. 
1183, 1954.) 


CHICKEN BREEDEIl MASHES 


Ingredients 

% 

2 

% 

3 

% 

4 

% 

5 

% 

6 

% 

Ground corn or ground mllo 




38.8 

40.8 


Ground grains* 

45.2 

42.9 

46. 9 


Wheat mixed feed (millrun)* 

20.0 

20.0 

20.0 

20.0 


To 

Fishmeal (70% protein) 

5.0 

2.0 

3.5 

"5.0 


Meat and bonemcal (30% protein) 



5.0 

21 8 

To 

Sojbean oil meal (44% protein) 

13.0 

18.0 

9.2 

13.0 

Dehydrated alfalfa or grass 
(carotene, 12mg./100 gm.)t 

10.0 

10.0 

10.0 

10,0 

10.0 

5.0 

Dried whey 




2.5 



Distillers’ dried solubles 




5.0 

‘2.8 

T 2 

Limestone or shell flour 

2.7 

2.C 

2.3 

2.6 

Steamed bonemcal or dcfluorin- 
ated phosphate 

3.C 

4.0 

2.6 

2 6 

4.1 

4.4 

05 

Salt (Iodized, fine) 

0.5 

0 5 

0.5 

0.5 

0.5 

Add the following to each ton of feed 
Vitamin A. millions I.U. 



1.9 

Vitamin Dj, millions I.C.U. 

1.2 

2 

1.2 

1.2 

i.2 


Riboflavin (gm.) 

2.1 

2.2 

2.0 

l.l 

2.2 


Vitamin B,j (mg.) 


6.0 


8.0 

11.0 


Manganese sulfate, lb. (100% 
pure) 

0.5 

5 

0.5 

0.5 

0.5 

0.5 


Suggested analysis: Protein. 19 per cent; calcium, 2 5 per cent; pho®' 
phorus, 1.1 per cent; vitamin A. 5500 International units per pound; 
tamin D3, 600 International chick units per pound; riboflavin, 2 8 milH" 
grams per pound. 


These mashes are formulated for hand feeding of gram on the basis 
of the birds eating 60 per cent mash, pellets, or crumbles and 40 per 
cent cracked or whole grams It is recommended that one third of the 
grain be fed in the morning and two thirds in the afternoon All the 
may be fed at one time if more convenient, preferably in late afternoon. 
Supplemental calcium in the form of limestone grit or shell should 
always be available in separate hoppers Granite or silica grit should 
ted one day each week 


* Ground corn, milo, wheat, barley, or oats may be used singly or in 
any combination w’lth 0 to 20 per cent millrun as long as the combined 
founts of barley, oats, and millrun do not exceed 45 per cent of the 

tDehj-drated alfalfa or grass may be reduced to 5 per cent and the 
ground gpin increased by 5 per cent if 1,916,000 International units of 
Vitamin A supplement will not 
npr X ^ dehydrated alfalfa or grass assaying 15 milligrams 

per 100 grams or more of carotene is used. 
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WISCONSIN. (University of Wisconsin, 1954.) 


WISCONSIN BREEDER MASHES 


Ingredients 

No. 1 

No. 2 

Ground yellow corn 

300 

325 

Wheat bran 

100 

100 

Wheat middlings 

100 

100 

Pulverized oats 

100 

100 

Dehydrated alfalfa meal 

100 

100 

Meat scrap 

50 

40 

Fish meal 


40 

Soybean oil meal 

Steamed bonemeal or defluorinated rock phosphate or 

200 

160 

equivalent 

30 

20 

Iodized salt 

10 

10 

Riboflavin* 

Yes 

Yes 

Vitamin Bjj supplcmentf.! 

Yes 

No 

400 D fish oil or powderS 

6 

G 

Manganese sulfate (feeding grade) 

1/4 

1/4 


Grains to bo fed free choice with above rations. 

Oystcrsholl and granite grit fed free choice in al! rations. 

* Riboflavin. 1.0 milligram per pound of feed from any source. 
tUsc according to manufacturer's directions. 

JSomc commercial supplements do not meet the minimum standards 
for this product, but they may be good sources. 

fi Based on A.O.A.C. units. If new International chick unit Is used. 

75 per cent of the .above will be sufficient. 
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SECTION IV. FATTENING PATIONS 
CORNELL. (G. F. Heuser, Poultry rations, Cornell Pul . 45, 
revised, 1941.) 

CORNELL FATTENING RATIONS 

To Be Fed To Be Fed 


with without 

Liquid Liquid 

Milk* Milkt 

Com meal 50 50 

Wheat flour middlings 20 20 

Ground hca\i' oats 10 10 

Dried buttermilk or skimmilk tO 

Meat scrap 10 


• Mixed to a batter, fresh at each feeding, with buttermilk or skim- 
milk. Will require approximately 2 pounds (1 quart) of milk to 1 pound 
(1 quart) of mash. 

t Mixed to a batter, fresh at each feeding, with water. Will require 
approximately 3 pounds (1 1/2 quarts) of v.ater to 2 pounds (2 quarts) ol 
mash. 
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BRITISH COLUMBIA. {University of British Columbia and 
Department of Agriculture U.B.C. Feed Formulas for Poultry, 
1954. Poultry Circ. 37.) 

Fattening Mash. All-mash ration to be fed moistened with 
water or liquid skimmilk. The feeding oil should be discontinued 
1 to 2 weeks before marketing the birds. If yellow corn is ex- 
pensive, it may be replaced with other grains. When available 
and not too expensive, 3 to 5 per cent of corn oil or soybean oil 
may be fed to advantage during the last 10 days of fattening. 


BRITISH COLUMBIA FATTENING MASH 


Ingredients 

lb. per ton 

Coarse ground wheat 

G50 

Ground yellow corn 

600 

Pulverized oats 

200 

Ground barley 

100 

Wheal middlings 

100 

Meat and bone scrap (50% protein) 

50 

Dried milk by-products 

50 

Soybean oil meal (44% protein) 

150 

Dehydrated green feed 

50 

Ground limestone 

25 

Steamed bonomcal 

10 

Iodized salt 

10 

Manganese sulfate 

4 ox. 

Feeding oil (2250 I.U., A; 300 I.C.U.. D per gram) 

5 

RUwflavin 

2 gm. 

Recommended protein level 

14% 
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CALIFORNIA. (H. J. Almqulst, T. H. Jukes, and W. E. Newlon, 
Feeding chickens, Calif. Circ . 108, revised, 1940.) 



Pounds 

Ground yellow corn 

100 

Ground whole barley 

100 

Ground oat groats or oatmeal 

50 

Dried sklmmllk 

50 

Water to mix to the consistency of a thick soup 


C 


KANSAS. (Poultry rations, Kans . Agr . Exp . Sta ., Dept . Poult^ » 
Form 1, Oct., 1943.) 


Crate Feeding 

Pounds 

Corn meal 60 

Oatmeal or shorts 40 

Buttermilk 200 

When liquid milk Is not available, add 40 pounds of condensed milk to 
100 pounds of grain and enough water to give the consistency of thick 
cream. 


Pen or Lot Feeding 

Pounds 

Shelled corn, kafir or milo 85 

Semi-solid or condensed buttermilk 15 

This ration should be fed m hoppers 4 to 6 weeks. The milk 
paste IS added to the grain once daily at the rate of 3 to 3V2 
pounds for 100 chickens and 5 to 6 pounds daily per 100 turkeys. 
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MACDONALD COLLEGE, CANADA. (Macdonald College fat- 
tening rations. Canadian Poultry Review , Sept., 1940.) 


MACDONALD COLLEGE FATTENING RATIONS 


Feed 

1 

2 

3 

4 

5 

6 

7 


lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

Ground yellow corn 

22.75 

22.50 

30.00 

23.25 

31.00 

16.00 


Ground wheat 

22.75 

22.50 


23.25 




Ground oats 

22.75 

22.50 

30.00 

23.25 

31.00 

30.00 

31.00 

Ground barley 

22.75 

22.50 

30.00 

23.25 


30.00 

31.00 

Ground buckwheat 





30.00 


31.00 

Rice feed* 






16.00 


Beef meal 

3.50 

3.50 

3.50 

3.50 

3.50 

3.50 

3.50 

Powdered milk 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

2.50 

Crude corn oil 

Bone char or char- 

2.00 

2.00 

2.00 





coal 


1.00 

1.00 


1.00 

1.00 


Salt 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

I.OO 


100,00 

100,00 

100.00 

100.00 

100.00 

100.00 

100.00 


•Ground broken rice and polishings. 

The following suggestions are offered concerning the purpose for which 
each of the foregoing rations is intended: 

1. For commercial feeding on short periods — 4 to 8 days — any class 
of stock. 

2. For commercial feeding where white skin and fat finish arc de- 
sired. Add 1 per cent bone char or English nut charcoal to the ration. 

3. For pen feeding or range finishing of broilers. Dry mash fed ad 
libitum in hoppers and two wet-mash feedings per day, giving as much 
as will be cleaned up readily. 

4. For farm fattening fconfincmcnt Jn crates or pen feeding) 14-djy 
feeding period. 

5. Recommended for heavy roasters and fowl where yellow fat and 
skin arc not objectionable. 

G. WTicre rice feed is available, this ration should give excellent re- 
sults with any class of stock. 

7. For heavy slock, such as roasters and fowl especially. Will pro- 
duce a white finish. 
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ONTARIO AGRICULTURAL COLLEGE. (S. J. Slinger, W. F. 
Pepper, and J. R. Cavers. O.A.C. Chicken Starting, Growing, 
and Fattening Formulas, O.A.C. Circular 142, revised, Jan., 
1954.) 

Roaster Fattening Mash . This mash contains about 14 per 
cent protein (N x 6.25). It is desisted to aid In the fattening of 
mature or relatively mature stock and is not recommended for 
fattening broilers. It is fed without grain in the form of a thin 
gruel or “pour batter” made by mixing with water or liquid 
skimmilk or buttermilk. For fattening roasters or fowl, it is 
recommended that the birds be given the amount they will just 
clean up in 15 minutes, three times dally, for a period of 10 to 
12 days. Water should be available at all times to birds being 
fattened. 



APPENDIX 


585 


O.A.C. FATTENING MASH 

Ingredient 

Ground wheat 
Ground yellow com 
Ground barley 

Pulverized oats 278 

Dehydrated alfalfa meal (100,000 l.U. vitamin A 
activlty/lb. or cereal grass) 20 

Meat meal (50% protein) ' 50 

Dried buttermilk or skimmllk 50 

Soybean oil meal (44% protein) 155 

Ground limestone 20 

Steamed bonemcal or equivalent 20 

Iodized salt 15 

Vitamin A oil (10,000 I.U./gm.) 0.75 

Dry vitamin Dj (1,650 I.C.U./gm.) 1 

Manganese sulfate (feed grade) 0.25 

gm. 

Riboflavin 1 

Antibiotic* 2-10 

mg. 

Vitamin Djj 3 

Calculated analysis: % 

Minimum crude protein 14,1 

Minimum crude fat 3.0 

Minimum crude fiber 4.5 

Calcium 1.0 

Total phosphorus O.C 

Inorganic phosphorus 0.35 

•If penicillin is the antibiotic, use the lower level. If aurcomycin, 
icrramycin. or bacitracin arc used, the higher level .should bo employed. 


Substitution. ISTieat middlings can replace ground wheat. 



586 


APPENDIX 


SECTION V. RATIONS FOR TURKEYS 

CORNELL. (Turkey rations, New York State College of Agr. 
Dept, of Poultry Husbandry, Stencil 208, revised, July, 1953.) 

Starting Mash. The starting mash is kept available at all 
times as an all-mash ration to 4 or 8 weeks of age. 

Growing Mashes. The growing mash to be fed during the 4- o 
8-week period should be fed as an all-mash ration. After 8 
weeks of age both grain and mash are fed. Scratch grains may 
be fed free choice after 12 weeks. It also would be advisable to 
feed extra oystershell or some other source of calcium. When 
turkeys are to be marketed as turkey broilers, the fish meal 
should be replaced by high quality meat scrap in order to pre- 
vent “fishy flavor” in the broilers. If the turkeys are to be 
reared in confinement or if the available range is not in good 
condition, care must be taken to supply adequate amounts of 
vitamin A. 

Breeding Mash . The breeding mash recommendations are 
designed for a graln-and-mash feeding system. The grain in- 
take should constitute at least half but should not exceed Vz 
the total dally feed consumption. Free-choice oystershell or 
other calcium supplement should be provided. 
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CORNELL TURKEY STARTING RATION 
Feed as all-mash ration to 4 or 8 weeks of age 


Ingredients 


lb. /ton 

Corn, ground yellow 


588 

Wheat flour middling 


300 

Oats, pulverized 


100 

Soybean meal, solvent, 44% protein 


580 

Fish meal 


100 

Meat and bone scrap 


150 

Dried skimmilk, or dried whey product* 


60 

Dried brewers’ yeast 


40 

Alfalfa meal, 17% protein 


40 

Ground limestone 


30 

Salt, iodized 


10 

Manganese sulfate, feed grade, 70% MnS 04 


0.5 

Choline chloride, 70% solution, to supply 


1.5 

Niacin supplement, to supply 


40 gm./ton 

Mixed-tocopheryl acetate supplement, to supply 


5 gm./ton 

Vitamin A supplement to supply 


3000 units/lb. 

D-activated animal sterol supplement to supply 


600 unlts/Ib. 

Riboflavin supplement, to supply 


0.5 mg. /lb. 

Antibiotic feed supplement, to supply 


10 gm./ton 

Approximate analyses: 

Protein, % 

28 


Fat. % 

3.6t 


Fiber, % 

4.3, 


Calcium, % 

1.9 


Phosphorus. % 

0.9 


Riboflavin, mg. /lb. 

2.3 


Niacin, mg./ib. 

42 


Choline, mg. /lb. 

1028 


Pantothenic add, mg.Ab. 

5.7 


Vitamin A, units/lb. 

5690 


Vitamin D, units/lb. 

600 



• Dried whey product containing approximately 50 per cent or less 
lactose; dried whey containing more lactose is less effective, probably 
because it is not well tolerated, 

t Fat %’alue depends upon fat content of animal protein supplements. 
If these supplements have been solvent-extracted, the fat value will be 
somewhat lower. 
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CORNELL TURKEY GROWING MASHES 

Growing Mash Growing Mash 
4-8 Weeks after 8 Weeks 

(All Mash) (with Grain)* 

Ingredient 

Ib./ton 

Ib./ton 

Corn meal, yellow 

628.5 

669.5 

WTieat middlings 

300 (flour) 

400 (standard) 

Oats, pulverized 

200 

200 

Soybean meal, solvent, 44% protein 

400 

200 

Fish meal 

100* 


Meat and bone scrap 

100 

200 

Dried brewers’ yeast 

Dried whey product or dried skim- 

40 

40 

milk 

60 

60 

Alfalfa meal, 17% protein 

loot 

140t 

Ground limestone 

Steamed bonemeal or dicalcium 

30 

30 

phosphate 

30 

40 

Salt, iodized 

Manganese sulfate, feed grade. 

10 

20 

70% MnSO, 

Choline chloride, 70% solution to 

0.5 

0.5 


supply 1 

Riboflavin supplement to supply 0.5 mg./lb. 2.0 mg./lb. 

Niacin supplement to supply 40 gm./ton 40 gm./tou 

Mixed-tocopheryl acetate supplement 5 gm./ton 5 gm./ton 

Vitamin A supplement to supply 5000 units/lb. 1000 units/lb- 

D-actIvated animal sterol supple- 

mem gt)0 units/lb. 1200 unitsAb. 

Antibiotic feed supplement to supply 10 gm /ton 10 gm./ton 

Approximate analyses 


Protein. % 

Fat. % 

Fiber, % 

Calcium, % 

Phosphorus, % 
Riboflavin, mg./lb. 
Choline, mg /Jb. 
Pantothemc acid, mg./lb 
Vitamin A, units/lb. 
Vitamin D, units/lb. 


24 6 20.0. 

3 7 4.2 

5 1 5.7 

1.9 2.3 

1 0 1.1 

2.3 3.8 

822 740 

6 7 

5750 8740 

600 1200 


market^d'^ariv ^ meat scrap if turkeys are to be 

viflm?n ^ containing 100,000 units of 

cuired IHower-potency alfalfa is used, the re- 

A suppleS, >>y add.t.opal h.gh-potencj 
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CORNELL TURKEY BREEDING MASH 


Ingredients 


Breeding Mash 
(Fed with Grain) 
lb. per Ton 


Corn meal, yellow 
Wheat standard middlings 
Oats, pulverized 

Soybean meal, solvent, 44% protein 
Fish meal 

Meat and bone scrap 

Dried skimmilk or dried whey product 

Distillers’ dried solubles 

Alfalfa meal, 17% protein 

Dicalcium phosphate or steamed bonemeal 

Ground limestone 

Salt, iodized 

Manganese sulfate, feed grade, 70% MnS 04 
Riboflavin supplement, to supply 
MIxed-tocopheryl acetate supplement to supply 
Vitamin A supplement to supply 
D-actlvated animal sterol supplement to supply 


404.5 

400 

200 

240 

100 

200 

100 

100 

150* 

60 

25 

20 

0.5 

3.5 mg./Ib. 

5 gm./ton 
5000 unltsAb. 
1800 unlts/lb. 


Approximate analyses 


Protein, % 24 

Fat, % 4.6 

Fiber, % 5.8 

Calcium 2.8 

Phosphorus 1.4 

Riboflavin, mg./Ib. G.l 

Choline, mg./Ib. 686 

Pantothenic acid, mg./lb. 6.3 

Vitamin A. units/Ib. 12,950 

Vitamin D, unlts/lb. 1,800 


• Formula calculations based on alfalfa containing 100,000 units of 
vitamin A activity per pound. If lower potency alfalfa Is used, the re- 
quired vitamin A level should be maintained by additional high-potcncy 
vitamin A supplement. 
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CALIFORNIA. (V. S. Asmundson and F. H. Kratzer, Turkey 
Production in California, Calif . Circ . 110, 1951.) 

Poult Starting Mashes. Poults should be started on an all- 
mash ration. Slightly more rapid early growth may be produced 
by feeding the high-energy mash. The poults may be fed this 
ration for the first 2 to 4 weeks and then changed to the regular 
starter. 

Poultry Growing and Developing Rations. After poults are 6 
weeks old they are fed some gram. The grain should be started 
very gradually, because sudden changes in the ration will slow 
up growth. A little grain may be scattered on top of the mash in 
the afternoon at first. A suitable growing ration for poults that 
are running outside may consist of any starting mash with the 
fish oil omitted or of the growing, or high-protein, mashes with 
whole grains added. 

Developing and Finishing Rations. The developing and finish- 
ing ration may consist of the growing mash fed with whole grains 
or of a high-protein mash fed with large amounts of scratch 
grains. 

Feeding Breeder Hens . During the cloudy months, some vita- 
min D should be Included in the mash. The mash should be fed 
with equal parts of scratch grain. Fresh greens may be fed when 
available; and, if they are abundant, the alfalfa meal may be re- 
duced to 200 pounds and the ground grains increased to 1000 
pounds. Additional calcium may be furnished by placing cracked 
oystershell or limestone before the birds. 
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CALIFORNIA POULT STARTER MASHES 


Feedstuff 


Fish meal 
Meat scrap 
Soybean oil meal 
Liver meal 
Molasses 
Alfalfa meal* 

Wheat bran 
Ground wheat 
Ground barley 
Ground corn 

Bonemeal, special steamedt 
Ground limestone 
Salt, iodized 
Manganese sulfate 
Dried whey 

Fish oil (2250 A. 300 D)t 
Vitamin D carrier (1500 D/gm.) 
Riboflavin supplement? 

Choline chloride 
Antibiotic supplement 



Regular 


High- 

1 

2 

3 

4 

Energy 

lb. 

lb. 

lb. 

lb. 

lb. 

200 

140 

150 

100 

293 


140 

50 

100 

100 

500 

450 

500 

525 

500 





40 





50 

ido 

ido 

ido 

ido 

100 

200 

200 

200 

200 


200 

200 

200 

200 

200 

265 

270 

270 

255 


400 

400 

400 

400 

600 

25 

0 

30 

20 

10 

50 

40 

40 

40 

30 

10 

10 

10 

10 

10 

1/2 

1/2 

1/2 

1/2 

1/2 

40 

40 

40 

40 

50 

3 

3 

3 

3 

3 

1 1/2 

1 1/2 

1 1/2 

1 1/2 

I 1/2 

5 

5 

5 

5 

7 

1 

1 

1 

1 


+ 

+ 

+ 

+ 

4 


•Should contain carotene equivalent to at least 67,000 International 
units of vitamin A per pound, 

t Other products of equivalent calcium and phosphorus content may 
be used. 

t Proportionate amounts of products of other potency may be used. 

5 Containing 225 milligrams of riboflavin per pound. A proportionate 
amount of a product of different potency may be used. 



592 


APPENDIX 


CALIFORNIA TURKEY GROWING MASHES (20 per cent protein) 


Feedstuff 

1 

Ib. 

2 

lb. 

3 

lb. 

4 

lb. 

5 

Ib. 

Fish meal 

100 


50 

100 

100 

Meat scrap 


100 



Soybean oil meal* 

400 

400 

'456 

*400 


Alfalfa mealf 

200 

200 

200 

300 


Wheat bran 

300 

300 

300 

300 


Ground grains 

897 

907 

849 

779 

789 

Molasses 




20 

20 

Bonemeal, special steamed! 

40 

30 

40 

40 

30 

Ground limestone 

40 

40 

40 

40 

40 

Salt, iodized 


20 

20 

20 

20 

Manganese sulfate 

1/2 

1/2 

1/2 

1/2 

1/2 

Dried whey 

50 


‘ 1 

Vitamin D carrier (1,500 D/gm 1 


1 

1 

1 

Riboflavin! 

2 

2 





• Soybean oil meal may be partly replaced by cottonseed meal, 10 per 
cent (200 pounds); or sesame seed oil meal, 5 per cent (100 pounds). 

t Should contain carotene equivalent to at least 67,000 International 
units of vitamin A per pound. 

uBe<^^^*^ of equivalent calcium and phosphorus content maybe 

8 Containing 225 mUUgrams of riboflavin per pound. A proportionate 
amount of a product of different potency may be used. 
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CALIFORNIA CONCENTRATE TURKEY GROWING MASHES 
(30 per cent protein) 


Feedstuff 

1 

2 

3 


lb. 

lb. 

lb. 

Fish meal 

200 

100 

200 

Meat scrap 


100 


Soybean oil meal* * * § 

800 

800 

800 

Alfalfa meait 

400 

500 

500 

Wheat bran 

300 

250 

250 

Ground grains 

Molasses 

94 

68 

50 

Bonemeal, special steamedj 

80 

60 

80 

Ground limestone 

80 

80 

80 

Salt, iodized 

40 

40 

40 

Manganese sulfate 

3/4 

3/4 

3/4 

Vitamin D carrier (1,500 D/gm.)§ 

2 

2 

2 

Riboflavin supplement!! 

4 




• Soybean oil meal may be partly replaced by cottonseed meal, 20 per 
cent (400 pounds); or sesame seed oil meal, 10 per cent (200 pounds). 

t Should contain carotene equivalent to at least 67,000 International 
units of vitamin A per pound. 

t Other products of equivalent calcium and phosphorus content may be 
used. 

§ Proportionate amounts of products of different potency may be used. 

II Containing 225 milligrams per pound. A proportionate amount of a 
product of different potency may be used. 
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CAUFORNIA TURKEY BREEDER MASHES 


Feedstuff 


Fish meal 
Meat scrap 
Soybean oil meal 
Alfalfa meal* 

Wheat bran or mlllrun 
Ground grains 
Bonemeal, special steamedt 
Ground limestone 
Salt, iodized 
Manganese sulfate 
Dried whey 

Vitamin A and D feeding oil {2,250 A, 
300 D/gm.)t 

Vitamin D source (1,500 D/gm,)t 
Riboflavin source! 


1 

2 

3 

4 

lb. 

lb. 

lb. 

lb. 

100 

200 

50 

100 

100 


150 


200 

’206 

250 

350 

300 

300 

300 

300 

300 

300 

300 

300 

805 

843 

813 

773 

20 

30 

10 

50 

40 

40 

40 

40 

20 

20 

20 

20 

1/2 

1/2 

1/2 

1/2 

100 

50 

50 

50 

6 

6 

6 

6 

3 

3 

3 

3 

6 

B 

8 

8 


•Should contain carotene equivalent to at least 67,000 International 
units of vitamin A per pound.. . 

t Other products of equivalent calcium and phosphorus content may 
used. 

t Proportionate amounts of products of other potency may be used. 

5 Containing 22S milligrams of riboflavin per pound. A proportions 
amount of a product of different potency may be used. 
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IOWA. (Iowa State College Poultry Department, 1954.) 


IOWA STARTING RATIONS FOR TURKEY POULTS 


Ingredients 

1 

2 

3 

4 

Ground yellow corn 

544 

648 

465 

529 

Ground oats 

100 

100 

100 

100 

Wheat bran 

200 

100 

100 

100 

Wheat midds 

200 

200 

200 

100 

Dehydrated alfalfa meal 

100 

100 

100 

100 

Soybean oil meal (44%) 

450 

400 

600 

600 

Meat and bone scrap (50%) 

100 

150 

150 

200 

Fish meal (65%) 

100 

50 

100 

50 

Fish solubles 


50 


50 

Dried buttermilk 

100 

100 

ido 

100 

Steamed bonemeal (or equivalent) 

25 

30 

20 

*30* 

Ground limestone or oystershell 

40 

30 

25 

Iodized salt 

9.5 

9.5 

9.5 

9.5 

Manganese sulfate 

0.5 

0.5 

0.5 

0.5 

Riboflavin concentrate (227 mg. /lb.) 

15.0 

15.0 

15.0 

15.0 

2250 A, 300 D concentrate 

7 

7 

7 

7 

1600 D concentrate 

2 

2 

2 

2 

Choline chloride (25%) 

7 

7 

6 

6 

Niacin (100%) 

20 gr. 

20 gr. 

20 gr. 

20 gr. 

Pantothenic acid 

10 gr. 

10 gr. 

10 gr. 

10 gr. 

Methionine 

1.0 

1.0 

Antibiotic* 

+ 

+ 

+ 

+ 

Total pounds 

2000 

2000 

2000 

2000 

Calculated analysis: 

Protein (minimum), % 

24.0 

24.0 

28.0 

28.0 

Fat, % 

3,9 

4.1 

3.8 

3.9 

Fiber, % 

5.4 

5.0 

5.3 

5.1 

Calcium, % 

2.1 

2.1 

2.0 

2.0 

Phosphorus, % 

1.0 

1.0 

1.1 

1.0 


• Antibiotics may bo used according to the manufacturer's recom- 
mendations with any of these rations. Vitamins arc usually added as 
concentrates, and adjustments must be made to compensate for the var- 
iation in potency of these concentrates. 

Methionine may be added at 1/2 to 1 pound per ton to any of these 
rations. 
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IOWA RATIONS FOR GROWING TURKEYS 


Ingredients 

1* 

2 

3 

5 

6* 

7 

Ground yellow corn 

547 

397 

496 

332 

378 

233 

Ground whole oats 

100 

100 

120 



I'oo 

\Vheat bran 

100 

100 

100 

100 

*100 

Wheat middlings 
Bonemeal or defluo- 

100 

100 

100 

100 

100 

100 

rinated phosphate 
Ground limestone or 

150 

220 

150 

160 

160 

200 

oystershell 

50 

20 

25 

20 

20 

20 

Iodized salt 

18 

18 

18 

18 

18 

18 

Manganese sulfate 
Dehydrated alfalfa meal 

2 

2 

2 

2 

2 

2 

(17% protein) 

100 

100 

100 

100 

100 

100 

Fish meal (65% protein) 
Condensed fish solubles 

100 




100 

100 

(33% protein) 

Meat and bone scrap 


100 




(50% protein) 

150 

100 

200 

225 

175 

125 


Soybean meal (41-44% 
protem) 

2250 A, 300 D concen- 
trate (oil or <iry)t 
Vitamin D concentrate 
(1500 I.C.U. per gm.)t 
Riboflavin concentrate 
(227 mg. per lb.)t 
Dried milk 
Choline chloride (25% 
or equivalent)! 

Niacin 

Pantothenic acid 

Total pounds 


540 700 550 

14 14 14 

5 5 5 

20 20 16 

100 

4 4 4 

20 gr. 20 gr. 20 gr. 
6 gr. 6 gr. 6 gr. 
2000 2000 2000 


800 800 850 

15 15 16 


18 22 22 

100 

4 4 

20 gr. 20 gr. 20 gr. 
6 gr. 6 gr. 6 gr. 
2000 2000 2000 


Calculated analysis: 
Protein. % 

Fat. % 

Fiber. % 
Calcium. % 
Phosphorus, % 


24.1 

2.4 

6.1 

4.3 

1.9 


24.0 

2.2 

6.2 

4.2 

2.3 


23.7 

2.6 

6.3 

3.9 

2.0 


28.1 

2.2 

6.3 

4.2 

2.1 


28.6 

2.1 

6.3 

4.0 

2.1 


28.3 

1.7 

6.6 

4.1 

2.2 


* Rations 1 and 6 preierred. 

H ad'?us"tmpn'if f “If®' “"‘"“is with different potencies may be usrf 
otles mav be used ."’“‘‘t;? f»f variation m potency. Antlbi- 

supplements to the ^cording to manufacturers’ recommendations as 

tuTkc™S°lmer ‘o “ ‘ 
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NEBRASKA. (University of Nebraska Leaflet 109, 1953.) 


NEBRASKA TURKEY RATIONS 


Ingredient 


Ground yellow corn 
Wheat shorts or pulverized oats 
Whole oats 
Soybean meal 

Alfalfa meal (17% protein plus) 

Meat scraps (50% protein plus) 

Fish meal 

Fish solubles blend 

Dried whey 

Nebraska Vitamin Concentrate No. 4 (or equivalent)* 
Mineral Mix No. S7t 

Total 

Calculated protein level (per cent) 


Turkey 

Turkey 

Starter 

Grower 

53-T 

53-TG 

lb. 

Ib. 

340 

247 

150 

200 


200 

250 

150 

50 

50 

100 

100 

20 

20 

20 


30 


10 

* 3 

30 

_ 30 

1000 

1000 


24.2 22.2 


• Each pound of Vitamin Concentrate No. 4 to carry the following 
minimum values: 


Riboflavin 

0.2 gm 

Calcium pantothenate 

0.4 gm 

Niacin 

0.6 gm 

Choline chloride 

2.0 gm 

Dj 

135,000 I.C 

Bll 

0.3 mg 

Antibiotic (procaine penicillin) 

200 mg 

(aureomycin) 

1 gm 

(terramycm) 

1 gm 

(bacitracin) 

1 gm 


t Mineral Premix Formula No. 57 


Limestone 

Steamed bonemeal (or equivalent) 
Trace Mix No. Ij 


403 

403 

161 

33 


coDoer zinf nTM^ carry enough manganese, iodine, iron, cobalt, 

level of 3? narte no elements when included at a 

at a level of eiihil- v complete mineral supplement is 

Sr .Sse ro™„,L°' “ ““ •“ -PP'r-em mgredier., .s called 
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NORTH CAROLINA. (North Carolina State College of Agri- 
culture and Engineering of the University of North Carolina, 
1954.) 


NORTH CAROLINA TURKEY MASHES 


Ground yellow corn 
Wheat middlings 
Pulverized oats 

Meat and bone scraps (50% protein) 
Fish meal (60% protein) 

Soybean oil meal (44% protein) 

Alfalfa meal (17% protein) 100.000 A 
per lb. 

Whey, dried 

Butyl fermentation solubles (500 
micrograms riboflavin per gram) 
Steamed bonemeal or equivalent 
Pulverized oystershells or equivalent 
Salt 

Feeding oil (300 D, 1500 A per gram) 
D-actlvated animal sterol (1500 D 
per gram) 

Choline chloride (dry 25%) 

Manganese sulfate 


Niacin 

Antibiotic supplement* 


No. 51 

No. 52 

No. 53 

Starter 

Grower 

Breeder 

28% 

28% 

20 % 

lb. 

lb. 

lb. 

600 

425 

863 

100 

100 

200 

100 


100 

100 

360 

100 

125 


100 

750 

700 

300 

75 

200 

125 

50 

75 

75 

30 

30 

30 

30 

150 

75 

40 



10 

25 

’20 

2.5 

5 

5 

1.75 

5 

3.5 

3.0 

2 

2 

0.5 

0.7 

0.5 

grams 

grams 

grams 

60 

60 

SS 


Vitamin Bjj supplement 


milligrams 

■ ^ 6-l0_ 

Total 2017+ 2017+ 1999+ 


starter and terramycin are added to 

Two arsonlc compoilndJ’aS'Sso srovnh in young turkeys- 

mashes as growth™ini„iarts 1“ starter 

arsoolc compound edited to a stlrte'’“°'‘l:' l' “S "'e'> “S. 

recommendations ot the mairafacmrer'* *’5’ 


reegmg Suggestions 

2 : Ster'me mghth wS SiS bmT f ® 

whole oats in separate fe.H uy*” ss*^“^ssdmg cracked yellow corn a 
mash with growine mash r Gradually replace the starting 

week. Complete the change bv the end of the te 


=h w ,^^owf„g'SLh“c’"'’r“- «™>“s>>y sepTac^.he s 

week. ® Complete the change by fte end of ii„ „ 

4. Sclf-feedlrort" turkeys are mar 

calcium ,0 the growing aM br”Sg •<’ 

■ .urfeya^h"„!„d have aooess to Inse 
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ONTARIO AGRICULTURAL COLLEGE. (S. J. Slinger, W. F. 
Pepper, and J. R. Cavers, O.A.C. Turkey Feed Formulas, O.A.C . 
Circular 141, revised, January, 1954.) 

Starter. Tliis mash contains about 27 per cent protein {N x 
6.25). It is made to be fed as an all-mash ration for the first 4 
weeks. It will, however, give good results if fed with a free- 
choice supply of grain after 4 weeks and continuing to 8 weeks 
of age. 

Grower Mash (4 to 8 weeks). This mash contains about 26 per 
cent protein (N x“ 6725). As an alternative to using the starter 
plus grain from 4 to 8 weeks, this mash may be given as an all- 
mash ration. 

Grower Mash (8 to 24 weeks). This mash contains about 20 
per cent protein fN^ “S'. 2 5). It should be fed with a free-choice 
supply of grain. This mash and the grower concentrate arc 
formulated for confined birds. If used for birds on range, the 
dehydrated alfalfa and vitamin A and D concentrates may be 
reduced by one-half. 

Grower Concentrate (8 to ^ weeks). This concentrate when 
mixed in the proportiononoO pounds of concentrate to 200 
pounds of ground grains — wheal, corn, oats, and barley will 
contain about 19 per cent protein (N x 6.25). Greater efficiency 
of feed utilization will result from mixing the concentrate with 
ground grains than from feeding the concentrate as such and a 
free-choice supply of whole grains. The resultant 19 per cent 
protein mash should be fed with a free-choice supply of grain. 

Breeder Mash. This mash contains about 20 per cent protein 
(NTX^.^iTihould be fed in the proportion of 50 parts of 
mash to 50 parts of grain or 60 parts of mash to 40 parts of 
grain. The latter ratio is superior during the period of heaviest 
production. Oystcrshell or other suitable source of calcium 
should be freely accessible to the breeders when fed this ration. 

Turkey Broiler Finishing Mash. This mash contains about 
10 per cenT protein (N X 6.25)711 Is designed as an all-mash 
ration for turkey broilers the last 6 weeks before marketing. 

The turkey starter mash (0 to 4 weeks) is satisfactory for the 
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Ingredient 


O.A.C. TimKEY FEED FORMULAS 
Turkey Turkey Turkey Grower 

Starter Grower Grower Coocen- 
Mash Mash Mash trate 

(0-4 wk.) (4-8 wk) {8-24 wk.) (8-24 wk.) 
lb. lb. lb. lb. 


Turkey 
Turkey Broiler 
Breeder Finishing 
Mash Mash 

lb. lb. 


Ground wheat 500 SOO 640 

Ground yellow com 300 200 200 

Pulverized oats . . . 100 200 

Ground barley . . . 100 200 

Dehydrated alfalfa 

meal (100,000 

l.U of\ltaminA/ 
lb ) or cereal 

grass 100 100 120 

Fish meal (65% 

protein) SO 40 20 

Meat meM (50% 

protein) 40 40 40 

Dried buttermilk 

or skimmilk 40 40 40 

Soybean oil meal 

<44% protein) 840 7$0 42S 

Tallow or grease* 20 20 20 

CrcMcd limestone 30 30 30 

Steamed bonemeal 

or equivalent 65 65 SO 

Iodized salt 10 10 10 

Vitamin A oil 

(10,000 1 U./gm ) 1 1 1 

Dry vitamin Dj 

(1,650 1.C.U/gm.) 2 2 2 

Manganese sulfate 

(feed grade) 0.3 0.3 0.4 

DL Methionine (feed 
grade) O.S 0.5 


600 

200 

200 

165 


270 200 

70 80 

100 40 

100 70 

1200 300 

30 20 

70 50 

125 55 

25 IS 

3 2 

5 4 

1.25 0 5 


SOO 

500 


50 

50 

40 

40 

320 

20 

30 

40 

S 

1 

2 

0.3 

0.5 


gm. gm. gm. gm. gm. g=»- 

Ribafiavin 3 3 3 6 4 ^ 

Niacin IS IS 15 35 . 15 

d-alpha-tocopberyl 

acetate 5 5 5 12 5 . • 

Antibioticf 4-10 4-10 4-10 10-35 6-20 4-10 

Arnonlcacldt 45-90 45-90 45-90 110-220 45-90 


mg. mg. 

Vitamin Bj] 3 3 

Calculated analysis % % 

Min. crude protein 27.1 25 6 

Min crude fat 2.8 2.9 

Max. crude fiber 6 2 5.7 

Calcium 1.0 llo 

Total phosphorus 10 10 

Inorganic phosphorus 0.68 0,67 


mg. mg mg. mg. 

3 8 6 3 

% % % % 

20 1 35.3 20.0 19.1 

3.3 3 0 3 5 3.4 

6.0 7.6 6 6 3.7 

1.6 3 9 2.3 1 5 

0 8 1 5 0 9 0.8 

0.54 1.24 0.66 0 52 


. I. should not be used unless it has been stabilized with 

suitable antioxidants and tested lor stability 

‘"‘‘biotlcs are in terms of the salts of the anllbl- 
f “IcHlin *8 the antibiotic, use the lower level If aareomycln. terramycli 
or bacitracin nre usei the higher levels should be employed 
lower level ihal either 3-nitro. 4-bydroxypbenyUrBonic acid, at the 

low.r l,v.l. .hr.-., or .r,„ll,o ooM. „ U» blgiior IrSu. bo Bcl.d-l. 
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feeding of turkey broilers up until the time they are changed to 
this finishing mash. When used for starting turkey broilers it is 
recommended that the starter mash be used as an alUmash diet 
right up until the time of changing to the finishing mash and that 
the change to the finishing mash be made gradually over a period 
of about 3 days. 

Substitutions . Equal parts of wheat shorts and wheat bran 
may replace ground barley. Dried whey may replace dried but- 
termilk or dried skimmilk. For every 40 poimds of dried milk 
replaced with dried whey, increase the amount of soybean oil 
meal by 30 pounds and reduce the ground wheat by 30 pounds. 
Steamed bonemeal may be replaced by defluorinated rock phos- 
phate. Other calcium and phosphorus carriers may be used if 
replacement is made on the basis of calcium and phosphorus 
content. Vitamin A oil may be replaced by dry vitamin A prod- 
ucts on an equal unitage basis. Manganese sulfate may be re- 
placed by other manganese carriers to supply equal levels of 
manganese. Ground limestone may be replaced by calcium 
carbonate. 
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TEXAS. 


(Agricultural and Mechanical College of Texas, 1954.) 

TEXAS TURKEY RATIONS 


Turkey 


Ingredients 


Turkey Turkey Turkey Laying 

Starter Grower Fattener Mash 

All-Mash All-Mash All-Mash All-Mash 

% % % ^ 


Ground milo 20 30 35 l/2 

Ground yellow com 17 1/2 20 l/2 25 

Wheal gray shorts 5 5 5 

Soybean oil meal (44% 

protein) 38* 25* 20* 

Fish meal (60% protein) 6 5 5 

Dried whey 3 3 3 

Dehj'drated alfalfa leaf 

meal S $ 6 


40 

19 1/2 

5 

15 

6 
3 

6 


Steamed boneraeal or 
equivalent phosphorus 

supplement 3 3 3 ^ 

Ground limestone or 

oystershell 2 2 2 - 

Salt 1/2 1/2 1/2 1/2 

Supplementsf 


• Eight per cent of the soybean oil meal may be replaced by 8 per 
cent of cottonseed meal meeting the following quality specifications: 

(1) containing no more than 0.1 per cent free gossypol, (2) should have 
a nitrogen solubility of at least, 70 per cent m 0.02 sodium hydroxide. 

t To be added per ton of feed- 

1. Manganese sulfate. 1/2 pound 

2. Antibiotics* Use either 10 grams of aureomycin, 10 grams of 
bacitracin. 10 grams of terramycin, or 4 grams of penicillin A com- 
bination of two, three, or fmir of the antibiotics may be used. In making 
up the combination, use a proportionate part of the above given levels 
on a per Ion basis. 

3. Vitamin A; 6,000,000 International units Any source of vitamin A 
aNailable may be used just so the total number of units added per ton is 
that giNcn. 

4. Vilamin Dj; 2,000,000 International chick units 

5. B vitamins: 


4 grams riboflavin 

10 grams calcium pantothenate (Dextrorotatory) 
40 grams niacin 


SOO grams choline chloride 

It will probably be necessary to obtain choline chloride in the dry 
lorm as a 25 per cent supplement 

6. Vilamin B(2* 6 milligrams 

7. Methionine: I pound 

acids; Add lc\-cl according to manufacturer’s rccom- 
mcj^tlons (.add to surting and growing rations only) 

These supplements will be added to ihc starting, growing, and fat- 

u" f”' choline chloride and the methionine may be 
climln-atcd from the laying ration. 
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WASHINGTON. (Washington Poultry Feed Formulas, Poultry 
Science Department, State College of Washington, Ext . Mimeo . 
1186, 1185, and 1184, 1954.) 


TURKEY STARTER MASHES 


Ingredients 

1 

2 

3 

4 

5 

6 


% 

% 

% 

% 

% 

% 

Ground yellow corn or milo* 

40.2 

37.2 

37.2 

43.7 

40.0 

41.5 

Soybean oil meal (44% protein) 

46.5 

46.0 

42.0 

40.0 

39.7 

37.2 

Fish meal (70% protein) 

5.0 

5.0 

5.0 

5.0 

5.0 

10.0 

Meat and bonemeal (50% protein) 
Dehydrated alfalfa or grass 




5.0 

5.0 


(carotene, 12 mg./lOO gm.) 

2.5 

2.5 

2.5 

2.5 

2.5 

2.5 

Dried brewers’ yeast 



4.0 




Dried whey 


4.0 

4.0 


4.0 

4.0 

Salt (iodized, fine) 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

Limestone or shell flour 

Steamed bonemeal or defluo- 

2.0 

2.0 

2.0 

2.0 

2.0 

2.0 

rlnatcd phosphate 

Add the following 

3.5 3.0 

to each ton 

3.0 

of feed 

1.5 

1.5 

2.5 

Vitamin A, millions of J,U. 

3.5 

3.5 

3.5 

3.5 

3.5 

3.5 

vitamin Dj, millions of I.C.U. 

1.2 

1.2 

1.2 

1.2 

1.2 

1.2 

Riboflavin, gm. 

l.G 

0.6 


1.5 

0.6 

0.5 

Calcium pantothenate, gm. 

2.6 

1.0 


3.0 

1.4 

1.5 

Choline chloride, lb. 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Methionine, lb. 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

Manganese sulfate lb. (100% pure) 
Antibiolict 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 


Suggested analysis: protein, 28 per cent; calcium, 2.0 per cent; 
phosphorus, 1.0 per cent; vitamin A, 4000 International units per pound, 
vitamin Dj, GOO International chick units per pound, and riboflavin, 2 mil- 
ligrams per pound. 

These mashes may also be used for turkey fryers. The suggested 
method of feeding follows: During the first 3-4 weeks feed as crushed 
poUels or crumbled feed. After this feed intermediate size (1/8 Inch) 
pellets. If feather picking develops, mix pellets and mash. After the 
poults are C weeks of age small amounts of cracked or whole grain may 
be placed with the feed to accustom the turkeys to grain. Feed granite 
or silica grit of the proper size one day each week. 

* Up to 15.0 per cent of ground wheat, ground barley, or finely ground 
oats may be used to replace an equivalent amount of corn or mllo: how- 
ever, such substitutions will decrease feed efficiency. 

t If u.s|ng diamine or procaine penicillin, use at rate of 3 grams per 
ton. H using aurcomycin. bacitracin or terramycln, use at rate of 10 
grams per ton. 
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TURKEY DEVELOPER MASHES 
(8 weeks to maturity) 


Ingredients 


Ground grains* 

Wheat mixed feed (millrun)* 

Fishmeal (70% protein) 

Meat andbonemeal (50% protein) 
Soybean oil meal (44% protein) 
Cottonseed meal (43% protein) 
Dehydrated alfalfa or grass (carotene, 
12 mg./lOO gm.) 

Limestone or shell flour 
Steamed bonemeal or defluorinated 
phosphate 
Salt (iodized, fine) 


Vitamin Dj, miUions of I.C.U. 
Riboflavin (gm.) 

Manganese sulfate, lb., (100% pure) 
Antiblotict 


1 

2 

3 

4 

% 

% 

% 

% 

61.5 

49.0 

45.0 

47.0 


10.0 

10.0 

10,0 

5.0 

2.0 




3.0 


5.6 

23.0 

20,0 

28,0 

22.0 

5.0 

10.0 

10.0 

10.0 

2.0 

3.0 

3.0 

4.0 

3.5 

2.0 

3.0 

1.0 

1.0 

1.0 

1.0 

1.0 

ch ton 

of feed 



1.2 

1.2 

1.2 

1.2 

1.7 




0.4 

0.4 

6.4 

6.4 


5 

% 

55.0 

's.o 

14.0 

10.0 

lO.O 

4.0 

1.0 
1.0 

1.2 

*6.4 


Suggested analysis: protein, 20.0 per cent; calcium, 2.0 per cent; 

phosphorus, 1.0 per cent; vitamin A, 4000 International units per pound; 
vitamin Oj, 600 International chick units per pound; riboflavin, 2 mg* P*‘ 
pound. 

The suggested method of feeding follows; Feed the mash or pellets 
and whole grain free choice during the entire growing period. Feed 
granite or silica grit one day each week. 

• Ground com, mllo, wheat, barley, or oats may be used singly or in 
any combination with O-lO per cent millrun as long as the combined 
amounts of barley, oats, and millrun do not exceed 35 per cent of the 
mash. 

tlf using diamine or procaine penicillin use at rate of 3 grams per 
ton. If using aureomycin. bacitracin, or tcrramycin use at rate of lO 
grams per ton. 
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TURKEY BREEDER MASHES AND COMPLETE RATIONS 


Ingredients 

1 

2 

3 

4 

5 


% 

% 

% 

% 

% 

Ground grains* 

63.2 

53.2 

61.2 

49.4 

29.4 

Wheat mixed feed (millrun)* 

10.0 

15.0 

10.0 


15.0 

Dehydrated alfalfa or grass (12 mg. 
carotene/100 gm.) 

5.0 

10.0 

5.0 

10.0 

20.0 

Soybean oil meal (44% protein) 

12.0 

10.0 

9.0 

22.0 

18.0 

Meat and bonemeal (50% protein) 


2.0 


8.0 


Fish meal (70% protein) 

4.0 

2.0 

4.0 


5.0 

Dried whey 


2.0 


4.0 

4.0 

Limestone or shell flour 

3.5 

3.5 

3.5 

3.0 

3.0 

Steamed bonemeal or defluorinated 
phosphate 

2.0 

2.0 

2.0 

3,0 

5.0 

Salt (iodized) 

0.3 

0.3 

0.3 

0.6 

0.6 

Wheat germ meal 



5.0 



Add the following to each ton of feed 
Vitamin A, millions of I.U. 1.0 ... 1.0 

2.0 


Vitamin D3 millions of I.C.U. 

1.0 

1.0 

1.0 

2.0 

2.0 

Vitamin Bjj, (mg.) 


3.0 


6.0 


Alpha tocopheryl acetate (gm.) 

20.0 

10.0 


20.0 


Manganese sulfate, lb. (100% pure) 

0.25 

0.25 

o!2’5 

0.5 

0.5 

Calcium pantothenate (gm.) 

10.0 

5.0 

10.0 

16.0 

10.0 

Riboflavin (gm.) 

2.0 

1.5 

2.0 

3.5 

1.0 


Suggested analysis: Rations 1 and 2, protein, 16.0 per cent; calcium, 
2.0 per cent; phosphorus, 1.0 per cent; vitamin A, 4000 International 
units per pound; vitamin D3, 600 International chick units per pound; 
riboflavin, 2 milligrams per pound. Rations 4 and 5, protein, 20 per 
cent; calcium, 3.0 per cent; phosphorus 1.5 per cent; vitamin A, 6700 
International units per pound; vitamin D3, 1000 International chick units 
per pound; riboflavin^ 3 milligrams per pound. 

Rations 1, 2, and 3 are complete rations and should be fed as mash 
crumbles or pellets. Rations 4 and 5 are to be fed with grain free choice 
on the basis of 60 per cent mash and 40 per cent grain. 

Limestone grit or shell should be available at all times. Feed granite 
or silica grit 1 day each week. 

* Ground corn, milo, wheat, barley, or oats may be used singly or in 
combination with 0-15 per cent mlllnin as long as the combined 
amounts of barley, oats, and millrun do not exceed 35 per cent of the 
mash. When the total of millrun, oats, and barley is over 30 per cent, 
the feed should be pelleted. 
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WISCONSIN. (University of Wisconsin, 1954.) 

WISCONSIN RATIONS FOR TURKEYS 

Breeder 

Starting Rations Growing Rations* Rations 



lb. 

lb. 

lb. 

lb. 

lb. 

Ground yellow com 

210 

160 

295 

295 

365 

Ground oats 

50 

50 

SO 

50 

100 

Wheat bran 

50 

50 

50 

50 

100 

NVheat middlings 

50 

SO 

50 

50 

100 

Alfalfa meal 

50 

50 



100 

Meat scrap 

100 

100 


50 

50 

Soybean oil meal 

400 

400 

480 

420 

150 

Fish meal 





25 

Chick size oystcrshell 

20 

20 

20 

20 


Granite grit 

10 

10 




Special steam bone- 

meal 

20 

20 

SO 

40 


Iodized salt 

5 

$ 

5 

5 

5 

Dried whey fortified 


SO 




Fish solubles 

* 30 

30 




300 D feeding oil or 

powdert 

4 

4 

No 

No 

5 

2000 A feeding oil 

2 

2 



2 

Manganese sulfate 

(feeding grade) 

1/4 

1/4 

1/4 

1/4 

1/4 

Riboflavin 

1 1/2 em. 

No 

No 

1 1/2 gra. 

Antibiotic feed sup- 

plementt 

Yes 

Yes 

No 

No 



• With good pasture, free access to grains, 
t Based on International chick units. 

I Use according to manufacturer’s directions. 



APPENDIX 


609 


SECTION VI. RATIONS FOR DUCKS 

CORNELL. (1954.) The duck starting ration is fed as V64- 
inch pellets for the first 2 to 3 weeks. The duck growing ration 
is fed as i3/64-inch pellets to follow the starting ration. It may 
be fed until the ducklings are marketed or may be followed by 
duck fattener for the las‘t 2 weeks before marketing. The duck 
breeding ration is fed as i3/g^_inch pellets. The mature birds 
should also be given access to oystershell. 


CORNELL DUCK RATIONS 


Ingredients 

Starter 

Grower 

Breeder 

lb. 

Ib. 

Ib. 

Corn meal 

720 

675 

580 

Wheat standard middlings 

300 

200 

300 

Wheat flour middlings 

300 

300 

300 

Wheat, ground whole 


200 

100 

Oats, pulverized 

200 

200 

200 

Fish meal (60% protein) 

100 

50 

50 

Fish solubles (50% solids) 



50 

Meal scrap (50% protein) 

50 

100 

100 

Soybean meal (44% protein) 

100 

50 

50 

Alfalfa meal (17% protein) 

Yeast, dried brewers’ 

Whey, dried 

60 

60 

100 



40 

50 

50 

60 

Distillers’ solubles, dried 

50 

50 


Limestone, ground 

40 

40 

60 

Dicalcium phosphate 

20 

15 


Salt, iodized 

6 

6 

6 

Vitamin A supplement (4000 A/gm.) 

2 

2 

2 

D-activated animal sterol (1500 D/gm.) 
Riboflavin supplement (3500-4000 

1 

1 

1 

mg/lb.) 

0.5 

0.5 

0.5 

Manganese sulfate 

0.5 

0.5 

0.5 

Niacin, pure 

(30 gm.) 

(30 gm.) 

(30 gm.) 

Vitamin E supplement to supply 



(5 gm.) 

Calculated Analysis: 

% 

% 

% 

protein 

17.5 

16.0 

17.5 

fat 

4.25 

4.0 

4.0 

fiber 

4.75 

4.5 

5.0 

calcium 

1.65 

1.70 

2.0 

phosphorus 

0.95 

0.86 

0.8 
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CORNELL RATIONS FOR LAYING DUCKS 
(L. M. Hurd and K. F. Hilbert, Duck growing, Cornell Bui. 345, 
revised. 1948.) 


Mashes* 



I.ayer 

Rations 

Ingredients 

1 

2 

3 


lb. 

lb. 

lb. 

lb. 

Yellow com meal 

500 

475 

475 

450 

\S'heat bran 

300 

300 

300 


^^’heat standard middlings 

200 

200 

200 

200 

ViTieat red dog flour 

300 

300 

300 


Ground oats, low fiber 

200 

200 

200 


Soybean meal 

150 

150 

150 

150 

Meat scrap (55% protein)! 

150 

100 

125 

150 

Dehydrated alfalfa meal (17% protein) 

120 

120 

120 


Dried skimmllk 


50 



Dried buttermilk 



50 


Dried whey 




50 

Pulverized limestone 

70 

70 

70 

70 

Salt 

10 

10 

10 

10 

Vitamin D from fish oil, feeding oil, or 
activated animal sterols A.O.A.C. units 
per pound.! 

650 

650 

630 

630 


1 ^ parts of mash to 1 part of grain, 

t Fish meal may be substituted eotirely. or in part, for meat scrap. 
tVitamin D may be omitted from the mash when the ducks run out- 
doors daily. 


Ingredients 

Cracked yellow com 

^“hcat 

Heavy oats 

Barley 

Buckwheat 


Crain Mixtures 

1 

lb. 

50 

50 


Modifications 
2 3 4 5 

lb. lb. lb. Ih. 

65 40 40 40 

35 40 40 40 

20 10 10 

10 . . • 

10 
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HARPER ADAMS AGRICULTURAL COLLEGE (ENGLAND). 
Rations for Table Ducklings . (V. K. Tallent, The production of 
table ducklings, Harper Adams Utility Poultry Jour., 17:357, 
1931-1932.) 


Ingredients 

Starter, 
First Week, lb. 

Grower, 

2-7 Weeks, lb. 

Fattener for 

2 Weeks, lb. 

Barley meal 

20 

40 

120 of either 

Sussex ground oats 

20 

40 

or a mixture 

Wheat bran 

20 

30 

of both 

Wheat middlings 

40 

60 

40 

Dried milk 

10 



Meat and bonemeal 


20 

30 

Cod liver oil 

2% 




Developing Rations for Ducks for Eggs. (Duck Notes, Harper 
Ad^s UtllTTy Pouitfy'Jour., 13:318"1^7-28.) 


One to four weeks: 


One to two months: 


Two to four months: 


After 4 months: 


4 or 5 meals daily of a mash made up of 1 part of 
biscuit meal and equal parts of thirds and Sussex 
ground oats. 

3 meals a day of a mash made up of 1 part of bran 
and equal parts of Sussex ground oats, maize 
meal, and thirds, with 1/2 part of fish meal. 

3 meals of a mash made up of 1 part of bran, 3 
parts of sharps, 1 part of Sussex ground oats, 1 
part of maize meal, and 1/2 part of fish meal. 

Feed 2 meals of the above mash, plus grain, at 
night. The grain can be made up of wheat and 
kibbled maize. 


Ration for Laying Ducks . (The feeding and management of the 
laying duck, Harper Adams Utility Poultry Jour ., 18:597, 1933.) 
This ration was fed at the Egg Laying Trials for ducks. The 
grain feed, of which they get 2 ounces per bird daily, consists in 
parts by weight of 2 wheat, 1 best clipped white oats, 1 cracked 
maize, and Vie cracked green peas. The mash ration, in parts 
dry weight, of which 4 ounces per duck is allowed daily, consists 
of 3 sharps, 2 Sussex ground oats, 2 maize meal, 1 bran, 1 fish 
meal, and 1 alfalfa meal. 
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STATE INSTITUTE OF APPLIED AGRICULTURE, Farming- 
dale, L. 1., New York. (Rations for ducks, Dept, of Poultry, 
Stencil 1303.) 


MASHES FOn MATURE DUCKS 


IngredieiUs 

Yellow corn meal 
^^'heat bran 

Wheat standard middlings 
Second clear flour 
Meat scrap (50% protein) 
Pulverized oats 
Dried skimmilk 
Alfalfa leaf meal 
White fish meal 


1 2 

lb. lb. 

350 300 

200 200 

100 

125 125 

100 50 

100 100 

50 25 

50 50 

25 50 


STARTING AND GROWING MASHES 
(These mixtures are to be fed from the time the ducklings 
are a day old until they are marketed ) 

Ingredients 


Yellow corn meal 
Wheat flour middlings 
Red dog flour 
Wheat bran 
Second clear flour 
Dried skimmilk 
Pulverized oats 

‘’‘rip (50% protein) 
tVhite fish meal 
Alfalfa leaf meal 


1 

2 


4 

lb. 

lb. 

lb. 

lb. 

300 

300 

375 

500 

200 

100 





ioo 

’so 

io’o 

150 

300 

200 

50 

150 



100 


’75 

50 

100 

100 


50 

50 

100 

100 

100 

50 

50 



50 

50 

’50 

*50 


Fattening Mash . This mixture 
to use a special lattening mash, 
tore the ducklings are marketed 
ing and growing mashes. 


ts designed for those who want 
It may be fed 2 to 3 weeks be- 
lt may follow any of the start- 


Yellow corn meal 
^Vheat bran 
Second clear flour 
Pulverized oats 
Dried skimmilk 

White fish meal ^ 


500 

150 

125 

100 

50 

50 

25 
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SECTION VII. USING LOCAL GRAIN FOR POULTRY 

CORNELL. (New York State College of Agriculture at Cornell 
University, Department of Poultry Husbandry, Ext. Stencil 194, 
1951, and 224, 1953.) 

Local grain supplies such as oats, wheat, corn, barley, buck- 
wheat, and rye can be used in poultry feeding in the following 
ways: 

1. Scratch grain mixtures. 

2. Combined in ground form with a "mixing mash" or mash concen- 
trate to form a complete poultry mash. 

3. Used by the feed manufacturer directly as an ingredient in a 
formula feed. 

Scratch Grain Mixtures. Mash mixtures are usually designed 
to be fed with grain, by any of a variety of feeding systems, so 
that about equal amounts of mash and the grain mixture are 
consumed daily. The simplest way of using home-grown or 
local grain is to incorporate it in the scratch grain mixture; in 
fact, unless a farmer has more grain available than is required 
to meet the need for the scratch grain part of his feeding program, 
it is usually uneconomical for him to use it in any other way. 

The feed dealer can also use locally purchased grain to supply 
a large part of his scratch grain volume. The amounts and pro- 
portions of various grains available vary with regions. A single 
grain mixture will not meet the conditions of all areas, nor will 
the same mixture always be adaptable to the local supply situa- 
tion. For this reason, the following table (A) shows suggested 
maximum usage levels of various grains per ton of mixture, 
rather than grain mixture formulas as such. 

TABLE A. SUGGESTED GRAIN USAGE LEVELS 
FOR SCRATCH MIXTURES. 

Maximum usage level per 
Grain ton of scratch mixture 

lb. 

Com (whole or cracked) 1500 

Wheat 1500 

Oats, heavy 800 

Oats, light 500 

Barley 800 

Buckwheat 400 
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Experience has shown it to be more generally satisfactory to 
use a mixture of grains than a single grain. In order to main- 
tain a high level of available energy and digestibility in the 
grain mixture, it is suggested that at least half of it should be 
made up of corn and/or wheat, and not more than half of it 
from oats, barley, and/or buckwheat. Rye is unpalatable to 
poultry, and is not readily consumed in grain mixtures. 

It has become a common practice to use cracked corn in 
poultry scratch mixtures. It is, of course, important to use 
cracked corn in the scratch mixture provided for young growing 
birds. However, whole corn can be used satisfactorily for 
growing birds after they are 10 to 12 weeks of age, and for 
pullets and hens. It is most satisfactory to begin feeding whole 
corn during the growing period so that the birds are accustomed 


to eating whole corn before they enter the laying houses. If the 
birds have been accustomed only to cracked corn during the 
growing period and it is desired to shift them to whole corn 
after they have entered egg production, it is best to shift gradu- 
ally in order to avoid a sudden decrease in feed consumption. 

In some areas facilities for shelling corn may not be readily 
available, and it would be desirable to feed corn on the cob. 
This can be done easily by giving cob corn m the morning in 
tne litter and at night feeding a scratch mixture that has a low 
proportion or no corn in it. It would be best to weigh the cob 
corn as fed In order to follow the amount eaten and be able to 
control grain consumption. The cob will constitute about Vs 
the weight of cob corn. Normally about half of the total feed in- 
birds will be scratch gram, amounting to about 
12 to 15 pounds per 100 birds per day; feeding 7 V 2 pounds of 
Supply 6 pounds of shell corn, which 
rji. TV, feed requirement of the 

tinn anA vK adjusted according to season, egg produc- 

of the diet*'*' P‘'°Portioii of corn desired in the scratch portion 


grlr nT'in'ih!,"^ - Mgagg- The utilisation ot local 

a so-cnllert'.™'’?' 'S simplilled by the use of 

noncrain na mash.” Such mixtures are essentially the 

biSn a d^f ° complete poultry ration, designed to be com- 
T^les 1 an?; ® grams 

required nutrip recommended formula patterns and 

sSw ei^l es nf ‘ Tables m to VII 

to the recommend^^^*vf mash formulas compounded according 
patterns to meet the nutrient requirements. 
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General considerations covering the choice of ingredients within 
the ingredient classes are discussed below. (The tables appear 
at the end of the Appendix.) 

Vegetable Proteins. Soybean meal and other vegetable pro- 
tein supplements are the most plentiful protein sources avail- 
able for poultry feeding. They can be used to supply most of the 
supplementary protein needed in poultry mashes. Soybean meal, 
the ingredient of this class available in greatest supply, can be 
used alone or in combination with corn gluten meal or peanut 
meal. Corn gluten and peanut meal should not make up more 
than V4 the total of this class of ingredients used in a mash. 
Cottonseed meal can be used similarly in combination with soy- 
bean meal in mashes for growing birds but should be avoided in 
rations for hens. Linseed meal cannot be recommended for use 
in any poultry ration because of its growth-retarding effect. 

Animal Proteins. These products serve as sources of pro- 
tein, minerals, vitamin Bi2» and at least one other still unidenti- 
fied nutrient. The minimum levels recommended for starter, 
confinement grower, and breeder mashes are the amounts needed 
to aid in supplying the unknown nutrient(s). The lower recom- 
mended figure refers to the minimum level of fish products when 
used alone; the higher figure indicates the approximate level of 
meat scrap when used alone. A combination of products appears 
to be preferable. Depending upon cost and availability, levels 
higher than the indicated minimum amounts can be used in all 
poultry mashes; the amounts of protein, calcium, phosphorus, 
and vitamin B12, contributed by the animal products, will accord- 
ingly determine the amounts of these nutrients needed from other 
sources. 

The recommended levels of vitamin B12, indicated in the table 
showing required composition of poultry mashes, refer to the 
amounts supplied by fish products, meat scrap, and vitamin B12 
supplements. It is desirable to know the B12 content of the par- 
ticular fish and meat products used, and this may be determined 
by microbiological assay. When such analytical values are not 
available, an approximation of the B12 content of the mash may 
be calculated by assigning values of 40 micrograms of vitamin 
^12 per pound of fish meal, 70 mlcrograms per pound of fish 
solubles, and 15 mlcrograms per pound of meat scrap. 

Other B-Vitamin Carriers. Included In this class of feed- 
stuffs are dried milk products, dried yeast, dried distillers’ 
solubles, and fermentation solubles. These ingredients arc 
valuable sources of many of the known B-complex vitamins. 
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The levels recommended are intended to aid in supplying the 
unknown nutrient(s) referred to above. Because it appears 
likely that more than one unidentified nutrient may be required 
in the ration, it is considered wise to use these carriers in 
combination with animal proteins. 

Dehydrated Alfalfa Meal. This product is an important 
source of vitamin A activity and contributes materially to the 
protein and riboflavin content of a mash, but it is desirable to 
limit its use because of its low available energy value. It is, 
therefore, necessary to use a high-quality meal in order to 
supply sufficient vitamin A activity at the low-usage levels 
recommended. As shown in the formula examples, using al- 
falfa meal containing 100,000 units of vitamin A activity per 
pound at a level of 250 pounds per ton will meet the require- 
ment for vitamin A in laying and breeding rations if yellow 
corn makes up approximately half of the grain used in the mash 
and in the scratch grain mixture. If the alfalfa meal available 
does not contain sufficient vitamin A activity to meet the re- 
quirement at the feeding levels recommended, additional vita- 
min A should be supplied in another form, such as a vitamin 
feeding oil, rather than by exceeding the recommended alfalfa 
meal levels. 


Calcium and Phosphorus Supplements. The phosphorus re- 
requirements are shown both as total phosphorus and “available 
phosphorus.” The available phosphorus content of a mash is the 
amount supplied by the animal products and the inorganic sup- 
plements (bonemeal, defluorinated phosphate, etc.) plus 30 per 
cent of the rest of the phosphorus of the mash. Calculating 
aval a e p osphorus gives a more accurate appraisal of the 
content^*^^^ of a mash than does the total phosphorus 


« listed in the pattern table are es- 
equivalent m the availability of their phosphorus. In 
siirp supplement, care should be taken to m- 

M ^ is intended for poultry feeding and has a 

sufficiently low content of fluorine, 

recommended for layer and breeder 
do not meet th" required nutrient composition, 

Exnerimeli I requirement of hens for egg production, 
calcium IS undesirable to use a 

men Thesf sufficiently high to meet this require- 

Sving Si hL. ’ therefore, should be supplemented by 
giMng the hens free access to oystershell or some other cal- 
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cium supplement. It is also advisable to feed such calcium sup- 
plements free choice in addition to growing mash. 

Vitamin D. The recommended vitamin D levels are shown in 
International chick units, based on the new vitamin D3 standard 
now in official use. Feeding oils and D-activated animal sterols 
are equally effective sources of vitamin D, unit for unit. 

Other Riboflavin and Bi2 Sources. Riboflavin supplements 
and vitamin B12 supplements of guaranteed vitamin content are 
generally available and can be highly useful in meeting the re- 
quirements for these vitamins. The levels of other vitamin- 
rich feedstuffs in the formula, particularly when amounts 
greater than the minimum levels are supplied, will determine 
whether and in what amounts special vitamin supplements should 
be used. 

Use of Mixing Mashes . The mixing mashes allow a wide de- 
gree of flexibility in the choice and proportion of grains that can 
be combined with them. The main considerations involved in 
choosing the grains are to maintain a sufficiently high level of 
productive energy (Table VIII) and over-all digestibility to- 
gether with suitable texture and palatability. 

Table B presents suggested maximum usage levels of the 
common grains per ton of finished mash mixture. Here again 
it is generally preferable to employ two or more grains rather 
than a single grain. Because of their high-energy value, corn 
and/or wheat should constitute at least half of the grain used; 
conversely, the lower-energy grains should not comprise a 
total of more than half the grain used. 

To make an adequate mash for a particular purpose, the 
proper mixing mash must be used. In other words, a layer 


TABLE B. SUGGESTED GBAIN USAGE LEVELS FOR MASI! MIXING 


Ground grain 

Maximum 
level 
per ton 
Ib. 

Suggested comblnatlon.s for use 
with mixing ma-shes. 

(1200 Ib. ground grain to be 
mixed with 600 lb. mixing mash) 

Com meal 

1000 

800 ... 

GOO 

800 800 COO 

Cora and cob meal 

800 

... 600 



\Micai (coarse, ground, 
or crushed) 

1000 

200 400 


200 

Oats, hcaNy 

COO 

200 ... 

GOO 

200 

Oat». llRht 

400 



400 

lUrlcj' 

COO 



... 200 . . . 

Buctuheat 

400 



200 

U>e (finely ground) 

400 



... 200 ... 
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mash cannot be made by combining grain with a mixing mash 
designed to make a starter. Nor is there any simple way that one 
type of ration can always be converted to another. 

The starter mash is intended to be used as an all-mash ration. 
To use this formula for broilers, it will be advisable to use corn 
gluten meal to obtain the pigmentation desirable in meat birds; 
a level of 125 pounds per ton of mixing mash will result in 50 
pounds per ton of broiler mash. 


The grower, layer, and breeder mashes produced by the re- 
spective mixing mashes are 20 per cent protein mashes intended 
to be fed with approximately equal grain intake according to the 
usual feeding systems. 

Grain-Based Mash Formulas. Use of a large proportion of 
local grain as ingredients in a mash formula, either in branded 
feeds or through custom mixing, is a third alternative. Such a 
procedure requires the development of balanced formulas such 
as those presented in the circular on poultry rations. 

The suggested usage levels of ground grain summarized in 
Table B for mixing mashes apply directly to this method of 
mixing as well. Examples of gram-based layer mashes are 
s own in Table IX to illustrate the wide range of grain propor- 
tions that can be used. Other types of rations similarly based 
on various proportions of local grains can be formulated to 
meet the specific requirements of growing or breeding chickens 
by following the recommendations summarized in the circular 
on poultry rations. 
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TABLE III. EXAMPLES OF MIXING MASHES. STARTER 
OR BROILER MASHES 



lb ./ton 

lb. /ton 

lb. /ton 

lb. /ton 

Wheat flour (or standard) 

middlings 

350 

360 

225 

210 

Soybean meal 

900 

900 

750 

800 

Corn gluten meal 



250 

250 

Peanut meal 




Fish meal 

125 

250 



Fish solubles 



125 


Meat scrap 

125 


125 

250 

Corn dried distillers* solubles 

125 


250 


Dried whey 

125 

125 


250 

Dried brewers* yeast 


125 



Dehydrated alfalfa meal 

125 

125 

125 

125 

Riboflavin supplement to supply 

(mg. riboflavin) 

1250 mg. 


1400 mg. 


Vitamin Bij supplement to 

supply (mg. Bij) 

3 mg. 



5 mg. 

D-activated animal sterols 

(1500 I.C.U./gm.) 

2 

2 

2 

2 

or 

Vitamin feeding oil (300 D. 

1500 A) 

10 

10 

10 

10 

Steamed bonemeal 

35 

35 

60 

25 

Limestone 

70 

70 

75 

75 

Salt (iodized) 

15 

15 

15 

15 

Manganese sulfate (65% feeding 

grade) 

1 

1 

1 

1 

Protein, % 

34 

36 

34 

34 

Calcium, % 

3 

2.8 

3.1 

3.3 

Phosphorus; total % 

1.3 

1.3 

1.3 

1.3 

available % 

0.9 

0.9 

0.9 

0.9 

Vitamin A,* I.U./lb. 

0250 

0250 

G250 

6250 

Vitamin D, I.C.U./lb. 

080 

680 

G80 

680 

Riboflavin, mg./lb. 

3.3 

3.3 

3.3 

3.3 

Vitamin Bjj.t pg/lb. 

5 

5 

5 

4 


* Assuming use of alfalfa meal containing 100,000 International units 
vitamin A activity and no vitamin feeding oil. 

t From animal proteins and vitamin Djj supplement. 
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TABLE IV. EXAMPLES OF MIXING MASHES, CONFINEMENT 
GROWER MASHES 


Ib./ton Ib./ton lb. /ton Ib./ton 


Wheat flour (or standard) 
middlings 
Soybean meal 
Com gluten meal 
Peanut meal 
Fish meal 
Fish solubles 
Meat scrap 

Com dried distillers’ solubles 
Dried whey 
Dried brewers’ yeast 
Dehydrated alfalfa meal 
Vitamin Bu supplement to 
supply (mg. Btj) 

D-activated animal sterols 
(1500 I.C.U./gm ) 
or 

Vitamin feeding oil (300 D 
1500 A) 

Steamed bonemeal 
Limestone 
Salt (iodized) 

Manganese sulfate (65% feeding 
grade) 

Protein. % 

Calcium, % 

Phosphorus: total, % 

available, % 
Vitamin A,* I.U.Ab. 

Vitamin D, l.C.U./lb. 
Riboflavin, mg./lb. 

Vitamin B,j,t fig./lb. 


120 

goo 


3 mg. 


150 

50 


1.6 

12,500 


225 

775 


125 

125 


150 

75 

25 


12.500 

680 


750 

250 


125 

125 

125 

125 

250 


175 

50 

25 


12,500 


250 

250 


140 

50 

25 

1.2 

34 

4.5 
1.9 

1.6 

12,500 
680 
3 7 


t From an,mal pro,e.„ and v.Umin B„ aapplemont 
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TABLE V. EXAMPLES OF MIXING MASHES, PASTURE 
GROWER MASHES 



Ib./ton 

Ib./ton 

Ib./ton 

Ib./ton 

Wheat flour (or standard) 

middlings 

300 

225 

225 

450 

Soybean meal 

1350 

1050 

1050 

1000 

Corn gluten meal 


250 



Peanut meal 



250 


Fish meal 




125 

Meat scrap 




125 

Corn dried distillers’ solubles 


125 



Dried whey 



125 


Steamed bonemeal 

225 

225 

225 

150 

Limestone 

75 

75 

75 

100 

Salt (iodized) 

50 

50 

50 

50 

Manganese sulfate (65% feeding 
grade) 

1.2 

1.2 

1.2 

1.2 

Protein, % 

33 

34 

33 

35 

Calcium, % 

4.7 

4.7 

4.8 

5.0 

Phosphorus: total, % 

2.0 

2.0 

2.0 

1.9 

available, % 

1.6 

1.6 

1.6 

1.6 
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TABLE VL EXAMPLES OF MIXING MASHES, LAYER MASHES 


WTieat flour (or standard) 
middlinss 

Sojlaean meal » 

Com gluten meal 
Peanut meal 
Fish meal 
Meat scrap 

Cora distillers’ dried 
solubles 
Dried whey 

Dehydrated alfalfa meal 
Riboflavin supplement to 
supply (mg. ribonavio) 
D-actlvated animal sterols 
(1500 I.C.U./gm.) 
or 

Vitamin feeding oil (300 D, 
1500 A) 

Steamed bonemeal 
Limestone 
Salt (iodized) 

Manganese sulfate (65% 
feeding grade) 

Protein, % 

Calcium, % 

Phosphorus; total, % 

available, % 
Vitamin A,* I.U./lb, 
Vitamin D, l.C.U./lb. 
Riboflavin, mg./lg. 


Ib./ton 

Ib./ton 

Ib./ton 

Ib./ton 

500 

100 

125 

30 

1.100 

1,030 

950 

1,000 , 


125 


250 

125 

125 

250 


125 




125 

'125 

250 

250 

250 

250 

1.000 mg. 

1.000 mg. 

500 mg. 


S 

5 

5 

5 

25 

25 

25 

25 

225 

250 

200 

225 

50 

70 

SO 

70 

50 

50 

50 

50 

1.2 

1.2 

1.2 

1.2 

34 

34 

35 

34 

5.6 

5.2 

5.5 

5.2 

2.4 

2.1 

2.2 

2.1 

2.0 

1.8 

1 9 

1.6 

12,500 

12,500 

12,500 

12,500 

1.700 

1,700 

1,700 

1,700 

2.5 

2.5 

2 5 

2.7 
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TABLE VII. EXAMPLES OF MIXING MASHES, BREEDER MASHES 



lb. /ton 

lb. /ton 

lb. /ton 

lb. /ton 

Soybean meal 

820 

700 

700 

635 

Corn gluten meal 


125 


*125 

Peanut meal 




Fish meal 

200 

250 

*200 


Fish solubles 



350 

Meat scrap 

*200 


200 

Corn distillers’ dried 

solubles 

125 


250 

2UU 

Dried whey 

125 

225 

100 

200 

Dried brewers’ yeast 


125 



Dehydrated alfalfa meal 

250 

250 

250 

250 

Riboflavin supplement to 

supply (mg. riboflavin) 

3,000 mg. 

700 mg. 

1,000 mg. 

l.BUU mg 

Vitamin Bjj supplement to 
supply (mg. Bi 2) 

7 mg. 

8 mg. 


12 mg 

Deactivated animal sterols 

(1500 I.C.U./gm.) 

5 

5 

5 

5 

or 

Vitamin feeding oil (300 D, 
1500 A) 

25 

25 

25 

25 

Steamed bonemeal 

150 

180 

175 

140 

Limestone 

75 

50 

75 

50 

Salt (iodized) 

50 

50 

50 

50 

Manganese sulfate (65% 
feeding grade) 

1.2 

1.2 

1.2 

1.2 


Protein, % 

34 

34 

32 

33 

Calcium, % 

5.4 

4.7 

5.2 

5.5 

Phosphorus, total, % 

2.2 

2.1 

2.1 

2.1 

available, % 

1.9 

1.8 

1.8 

1.8 

Vitamin A,* I.U./lb. 

12,500 

12,500 

12,500 

12,500 

Vitamin D, I.C.U./lb. 

1,700 

1,700 

1,700 

1,700 

Riboflavin, mg./lb. 

4.5 

4.5 

4.5 

4.5 

Vitamin Bi2,t Pg./lb. 

9 

8 

8 

8 


•Assuming use of alfalfa meal containing 100,000 International units 
vitamin A activity and no vitamin feeding oil. 

tFrom animal proteins and vitamin Di2 supplement. 
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TABLE Vra. RELATIVE PRODUCTIVE ENERGY CONTENT 
OF SOME COMMON GRAINS AND GRAIN PRODUCTS. 


Productive energy* 
Calories per pound 


High energy feedstuffs 

Com 

1145 

Milo 

1144 

Kaffir grain 

1076 

Wheat 

1024 

Wheat red dog flour 

1020 

Medium energy feedstuffs 

Corn and cob meal 

920 

Heavy oats 

817 

Barley 

811 

Rye 

810 

Wheat flour middlings 

720 

Low energy feedstuffs 

Bucltwheat 

700 

Light oats 

642 

Wheat standard middllt^s 

S81 

Wheat bran 

478 


•From Texas Agr. Expt . Sta. Bull . 678 (1946) by G. S. Fraps. 


TABLE IX. EXAMPLES OF GRAIN-BASED LAYER MASHES 
(TO BE FED WITH EQUAL GRAIN INTAKE) 


Com meal 

Wheat (coarse, ground, 
or crushed) 

Ground oats 
Ground barley 
Soybean meal 
Meat scraps 
Alfalfa meal 
Steamed bonemeal 
Limestone 
Salt 

Manganese sulfate 
D-activated animal 
sterol 

or 

Vitamin feeding oil 
(300 D. 1500 A) 
Riboflavin supplement 
to supply (mg. 
riboflavin) 


Ib./ton 

1000 

200 


500 

100 

100 

90 

20 

20 

0.5 

2 


10 


300 mg. 


Ib./ton 

900 


300 

500 

100 

100 

90 

20 

20 

0.5 

2 


10 


300 mg 


Ib./ton 

800 


200 

200 

470 

100 

100 

90 

20 

20 

0.5 

2 


10 


300 mg 


Ib./ton 

300 

600 

300 

450 

100 

100 

100 

20 

20 

0.5 

2 


10 


300 mg 


Ib./ton 

600 


600 

450 

100 

100 

100 

20 

20 

0.5 


2 


10 


300 mg- 
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Acid-base balance, 23 
Acorns, 134 

Adaptability of ration, 269 
Air, 265 

Alfalfa meal, 97, 247 
Alfalfa products, 97 
Algarroba feed, 127 
All-egg meal, 173 
All-grain method of feeding, 298 
All-mash method of feeding, 299 
Amino acids, 28 
content of, in feeds, 62 
requirements for chicks, 357 
for egg production, 385 
for turkeys, 458 
Amount of feed. 510 
for chicks. 352 
green food, 251 
Analysis, feeds, 55 
Anemia. 25 
Animal proteins, 157 
amounts used, 176 
necessity for, 175 
Animal sterol, activated, 120 
Ant eggs, 174 
Antibiotics, 47 
Arsonic acid, 50 
Artificial illumination, 394 
Assimilation, 87 
Automatic feeders, 311 

Babassu oil meal, 134 
Bakery refuse, 127 
Balance, 270 

Barley and Us products, 98 
Baiterj' rearing, 372 
Beans, 127 
Beet products, 248 
Beet seed. 134 
Biotin. 38 
Black tongue, 37 
Blood products, 171 
Body color. 275 


Body composition, 279 
Bone products, 112. 172 
Bowed legs, ducks, 37 
Breeders, feeding, 426 
Breeds, feeding the, 399 
Brewers’ products, 98 
Broccoli meal, 210 
Broilers, feeding, 367 
Broody hens, care of, 397 
Buckwheat and its products, 101 
Bulk, 268 
Buttermilk, 164 

Cabbage, 243 
Cage birds, 402 
Calcium, 22 
Calcium carriers, 113 
Canaries, feeding, 504 
Cannibalism, 342 
Carbohydrates, 26 
Casein. 166 
Castor bean, 210 
Charcoal, 128 
Cheese meal, 166 
Chewings fescue seed. 166 
Chick feeding, 361 
Choline, 39 
Citrus products, 134 
Clipped oats, 115 
Cobalamin, 36 
Coccidiosls ration, 369 
Cockerels, feeding, 367 
Cocoa bean meal, 128 
Cocoanul meal, 129, 210 
Cod liver meal, 170 
Cod liver oil, 120 
Coffee grounds. 135 
Color, 275 

Comparison, animal protein feeds, 
178 

Composition, of the egg as affected 
by feed. 284 
of feeds, 55 
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INDEX 


Composition, of feeds, 
variations In, 52 
of plants, animals, and rations, 

20 

Computing rations for egg produc- 
tion. 403 

Condensed milk, 164 
Confinement, laying hens In. 401 
Confinement rearing, 372 
Cooking feeds. 317 
Corn products, 102, 209 
Cost, of feeding, 522 
of feeds, 272 
Cottage cheese, 16G 
Cottonseed meal, 202 
Cottonseed products, 108 
Cowpeas, 129 
Crab meal, 1C9 
Cramming poultry, 440 
Crate fattening, 440 
Crazy chick disease, 44 

Defluorinated phosphate, 112 
Dermatitis, 35 
Detergents. 50 
Diet, relation to health, 332 
Digester tankage, 159 
Digestibility, 273 
Digestion, 80 
Distillers’ products, 99 
Dogfish meal, 170 
Dried vegetable wastes. 248 
Drugs and hormones. 341 
Dry mash, 312 
Ducks, bowed legs, 37 
Ducks, feeding, 481 

Economics of feeding, 507 
pigeons, 503 
Egg products, 173 
Egg quality, effect of, cottonseed 
meal, 203 
interior, 281 

Egg size as affected by feed, 279 
Eggshells as affected by feed. 280 
Energy, 51, 263 
Enzyme products, 129 
Essentials of a ration, 262 
Evolution of feeding, 4 
Eye color, 277 


Factor S, 45 

Factors to consider in making a 
ration. 262 
selecting feeds, 272 
selecting (he ration, 269 
Fat. 27 

for chicks, 357 
for fattening, 447 
for layers, 385 
Fattening, 438 
of ducks, 486 
rations, 451 
results and gains, 450 
Feather color, 277 
Feathers, hydrolyzed, 174 
Feed analyses, 55 
Feed changes, 320 
Feed nutrients. 20 
Feed relations, 351 
Feed required, by broilers, 516 
by chickens, 509 
by chicks, 353 
by layers, 383, 389 
by turkeys, 517 
by young stock, 515 
Feed requirements, of breeders, 
411 

of chicks. 353, 360 
of ducks, 486 
of layers. 383 
of turkeys, 463 
Feed restriction, 319 
Feeders, mechanical, 312 
Feeding and management, of breed- 
ers, 426 
of breeds, 399 
of broilers. 367 
of chicks, 363 
of cockerels, 367 
of ducks, 485 
of layers. 392 
of pullets, 367 
of quail, 497 
of squabs, 503 
of turkeys, 457, 467 
of waterfowl, 481 
Feeding problem, 1 

approach to understanding of, 9 
need for more exact knowledge, 

7 

Feeding systems and practices, 297 
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Feeds, analyses, 55 
cereals, seeds, and other mash 
ingredients, 94 
commonly used, 127 
composition, 55 
fattening, 443 
unusual, 134 

Fertility, nutritional factors af- 
fecting, 424 

Fiber, in chick rations, 360 
In duck rations, 485 
in laying rations, 386 
in turkey rations, 462 
Finishing poultry, 438 
Finishing turkeys, 471 
Fish, homogenized condensed, 171 
Fish meal, 167 

Fish solubles, condensed, 171 
Fluorine, 26 
Folic acid, 39 
Food passage, 86 

Formula pattern, breeding mash, 
423 

broiler mash. 370 
chick mash, 364 
^sying mash, 388 
mixing mashes, 619 
turkey mash, 466 
Free-choice feeding, 306 
rresh meat, 160 


feeding practice, 253 
gardens and calendars, 251 
growing, 251 
kinds, 249 
necessity for, 250 
Grit, 26 

Ground feeds, 94 
Ground grain method, 299 
Growth rate, 350 
Growth and food consumption, of 
ducks, 483 
of pheasants. 494 
of turkeys, 465, 519 
Growth promoters, 50 

Handicaps, growth, 352 
Hatchability, 424 
Hays, 246 
Health feeding, 332 
Hemorrhage, 45 
Hempsecd meal, 136 
Home-grown rations, 613 
Hominy feed, 105 
Homogenized condensed fish, 171 
Hoof meal, 174 
Hopper feeding, 309 
Hormones, 448 
possible harm from, 341 
Horse bean meal, 210 
Hydrolyzed feathers, 174 


Garne birds, feeding, 493 
Oarbago, 135 
Geese, feeding, 488 
Germinated oats, 243 
G zzard erosion, 40 
G ucuronlc acid. 40 
Gluten feed, 209 
Gluten meal, 209 
Goiter. 25 
Grain pasture, 243 

in which to fee 
In poultry rations, 
using local, 613 
Grass, dried. 247 
Grass juice factor. 45 

Gr««! °r pasture, 239 
Green cut bone. 172 
Green food, 238 
amounts fed. 251 
^•''Perimomal results with 


Insects, 173 

Interior egg quality as affected by 
feed, 281 

Interrelationships, dietary factors, 
50 

Iodine, 22, 25 
Ipil-ipil seed meal, 210 
Iron, 22 

Kaffir corn, 109 
Kale, 243 
Kelp meal, 171 
Kernels, 305 

Lawn clippings, 243 
Layers, feeding, 392 
Laying rations, 392, 554 
txsspedcra seed, 210 
Light and sunshine, 266 
Lfmestone, 113 
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Linseed oil meal, 209 
Linseed products, 110 
Liquid milk, 163 
Liquids, feeding practices, 3l6 
Liver meals, 161 
Lobster meal, 170 
Locust meal, 174 
Losses, due to cannibalism, 342 
due to chemicals, 340 
due to insects, S3S 
due to toxic plants, 337 
traceable to grains, 335 

Magnesium, 22, 26 
Malt sprouts, 98 
Manganese, 23 
Manure, 136 
Marine products. 167 
Mash or ground feeds, 94. 299 
Measuring the value of feeds, 80, 
180 

Meat products, 157 
Mechanical feeders, 312 
Mechanical or physical condition 
of feeds, 266 
Metabolism, 87 
Methods of feeding, 297 
ducks, 481 
fattening. 440 
pheasants, 494 
pigeons, 501 
Milk, 163 
Milk albumin, 166 
Milk products, 161 
Millet, 110 

Mineral content of eggs, 283 
Minerals, 21, 58. Ill, 263 
function, 22 
location of, 21 
mixtures, 26 
possible excesses, 25 
relationships, 23 
requirements, for breeders, 414 
for chicks, 357 
for ducks, 485 
for layers, 385 
for turkeys, 459 
Molasses, 129 

distillers’ solubles, 100 
distillers’ yeast, 133 
Molt, care during, 398 


Mungo, 211 
Mustard, 211 

Klacin, 37 
NoodUng geese, 489 
Nutrients, feed, 20 
Nutritional enccphalomalacla, 44 
Nutritional paralysis, 33 
Nutritive ratio, 270 

Oats and their products, 113 
Objects and principles in feeding, 
13 

Ostriches, feeding, 505 

Palatablllty of feeds, 243, 272 
Palm kernel oil meal, 136 
Palm nut. 211 
Pantothenic acid. 35 
Pasture, 239 

Peanut products. 116. 209 
Peas, 116, 211 
Pellagra, 35 

Pellets or cubed feeds. 303 
Pen fattening, 440 
Pcrilla meal, 136 
Perosis, 23 

Pheasants, feeding. 493 
growth and feed in, 494 
methods of. 494 
requirements for, 493 
Phosphorus, 22 
carriers, 112 

Physical condition of feeds, 266 
Physiological effects of the ration, 
269 

Physiological needs, 16 
Physiology of the digestive tract, 
54 

Pigeons, feeding, 500 
Pimiento pepper, 249 
Pinhead oatmeal, 115 
Poisons in feed, 333 
Polyneuritis, 33 
Popcorn, 105 
Potassium, 22 
Potatoes, 130 

Poultry by-product meal. 174 
Pounds of food to produce one 
dozen eggs, 513 
Pressure necrosis, 266 
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Principles of feeding poultry, 18 
Proso, 111 
Protein, 27, 262 

Protein concentrates, animal, 157 
necessity for, 175 
vegetable, 202, 213 
Protein-energy ratio, 404 
Protein requirements, 29 
for hatchabilfty, 412 
of chicks, 354 
of ducks, 484 
of layers. 385 
of turkeys, 457 
Protozoa of the rumen, 175 
Pyridoxine, 35 

Quail, feeding, 497 
Quality of product as affected by 
feed. 275 


egg production, 386 
food, 90 
geese, 488 
pheasants, 493 
pigeons, 501 
protein, 29 
quail, 497 
turkeys, 457 
vitamin, 47 
Restricting feed, 319 
Riboflavin, 33 
Riboflavin supplement, 120 
Rice and its products, 116 
Rickets. 41 
Root crops, 246 
Rumen content, 136 
Rye. 117 

Rye buckwheat, 102 


IJango vs. confinement, 318 
Rape, 243 

Rapesced oil meal, 211 
Rations, breeder. 572 
canaries, 504 
chick. 528 
coccldiosls, 369 
ducks, C09 
egg production, 554 
fattening, 580 
geese, 488 
'’Jtxlng mashes. 621 
pheasants. 495 
pigeons, 501 
QUail, 498 


turkey, 58G 

elation of food consumption, b 
. production. 508, 512 

Reoufi-il"^ animal tissue, 51 
‘^ylrcrncnts. amino acids, for 
chicks. 357 
tor layers. 385 
e^. for broilers, 516 
*°r chicks, 353 
for layers, 383. 389 
tor turkeys, 517 
ration. 271 

.III. 421 

ehicks. 2r..« 




Safflower oil feed, 211 
Salt, 22, 111 
Sauerkraut, 243 

Scratch-mash method of feeding, 
299 

Sea weed meal, 171 
Selenium, 26 
Sesame oil meal, 212 
Shark meal, 170 
Shredded wheat waste, 132 
Shrimp meal, 169 
Silage, 243 

Silkworm chrysalis flour, 173 
Slumps in production, 400 
Snails, 173 

Sorghum gluten meal, 212 
Sorghums, 109 

Soybeans and their products, 118 
Sprouted grains, 244 
Squabs, feeding. 503 
Standards, for feeding breeders, 
421 

for feeding chicks. 354 
for feeding layer.s, 3SG 
Starfish meal, 170 
Stccl-cut o.als, 1 15 
Storage quality of eggs as affected 
by feed, 2B1 
Straw extract, 13G 
Stuffing or cramming poultry. 
Substitutions. 402 
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Sudden feed changes, 320 
Sugar, 132 
Sugar beet pulp, 132 
Sulfur, 22 

Sunflower seeds, 119, 212 

Sweet corn, 105 

Sweet lupine seed, 137 

Sweet lupines, 212 

Sweet potatoes, 132 

Systems and practices of feeding, 

297 

Tannery waste, hydroU7ed, 174 
Tapioca meal, 137 
Taste, as affected by feed, 278 
Thiamin, 32 
Time of first feed, 363 
Tomato pomace, dried, 137 
Transformation of food, 13 
Tubers, 246 
Tung oil meal, 212 
Turkeys, feeding, 451, 470 
growth and feed consumption,, 

465, 519 

making a turkey ration, 464 
requirements, 45? 

Urea, 175 

Usefulness of feeds, measures, 89 

Value of feeds, measuring. 80, 180 
Variety, 271 

Vegetable protein concentrates. 202 
nutritive value, 213 
Vegetable wastes, 248 
Vegetables, 238 


Velvet bean meal, 133 
Vitamin content, of eggs as affected 
by feed. 282 
of feeds, 60 

Vitamin feeding oil, 120 
Vitamin requirements, 47 
for breeders, 415 
for chicks, 358 
for ducks, 484 
for layers, 386 
for turkeys. 459 
Vitamin supplements, 120 
Vitamins, 30. 45. 120, 264 

A. 31 

B-G complex, 32 

B. j. 36 

C. 40 

D. 41 

E. 44 
K. 45 

Water. 20. 264 

Weight changes during growth, 349 

Wet mash feeding, 312 

Whale meal. 170 

Wheat and its products. 121 

Wheat gluten. 212 

Whey, 165 

Whey factor, 45 

Whole gram feeding, 297 

Wholesomcness of feeds, 274 

Winter management, layers, 397 

Wood sugar, 137 

Yeast. 133, 212 
Yolk color, 275 



